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A prams trap. is, often, a. ‘minor auxiliary 
quiring, little care, in its selection and even less for its, opera: | 
tion. When once installed it is expected, to. successfully, re- . 
move, all) condensation from steam. lines, separators, heating | 
systems,;etc., and. to do, this without, permitting the escape. of 

any, steam, To. be considered successful the trap, must, be 

capable, of doing, this for long periods at 


iginibse bie Mi} js od 
Steam, traps, are, usually, two, groups, 
return traps and non-return traps, . Return traps. are so de- 
signed that they may be used to. return the condensate directly 
to.the boiler, without the, aid, of a pump. , For r this 3. purpose 
the traps are usually installed at a hig level than 
the boiler into, which they are to, discharge, and they are so 
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arranged that when the trap dumps it opens up a connection _ 
admitting steam directl reply from: the boiler to the trap. This 
equalizes the pressttres, and the water then drains by gravity 
from the trap back to the boiler, Return traps are not used 
in the Naval. Service. . Non-return. traps discharge into, | aa 
atmosphere or into a ‘vessel where the pressute is’ nét mu 
greater than atmospheric, and hence do not need a steam 
equalizing valve because the pressuré in the trap is in all cases 
higher thari in the discharge line. 

The non-return traps may be divided into the Scllewing 
classes: Open-bucket float, ball float, expansion, differential. 

Of these four.classes the first two are very extensively used 
for all classes of ‘service; their outstanding: characteristic: is 
their prompt removal of all condensation as fast as formed. 
The expansion or thermostatic type is very popular for some 
classes ‘of low-pressure work, such as heating systems? this 
type usually requires some cooling of) the| condensate before 
operating, which is desirable for this kind of work. Thermo- 
static traps are rather limited i in their application, as they will 
not, in ‘general, function’ satisfactorily ‘over! 'a ‘wide ‘pressure 
range without readjustment. _ differential type is not used 

Phe’ requirements for Naval ‘are’ tinusually® severe 
compared with those’ of ordinary commercial’ use.” ‘The trap 
riust function satisfactorily’ at all pressures from atmospheric 
to 800 pounds gage; the ‘valve’ mechanism fnust' ‘be’ simple, alt 
_ passages must be ample in size and ‘not’ liable "to ‘béeortie 
clogged with scale or-sediment, and the discharge valve must _ 
not be at the bottom of the trap where scale ino sediment . 
collect. The valve mechanism should’ ‘be’ Yeadily’ accessible 
for inspection’ and ‘adjustment ‘or renewal without: having to. 
disconnect any pipe fines, ‘and the body’ of' the ‘trap’ should’ be, 
heavy. ‘and’ rigid’ so’ ‘that it will safely withstand: the severe 
service. attention should be ‘givell'td the design of 
the cover and the spacing and size of the ‘covet bolts, or it' will 


be difficult the. joint tight. ‘The requirements of either 
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the Navy Standard or the American Standard for extra-heavy- 
flanged fittings should be complied with in these’ particulars. 
Comparatively, wide, gasket spaces are necessary at all joints; - 
if they are too, narrow it is difficult to keep the gaskets from, 
blowing out... It. is also easier, to keep. gaskets in place when 
faces, 
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STEAM. TRAP. OPERATION. 


Figure 1 illustrates a simple type of steam trap and is is rept: 


duced here to illustrate why trouble is sometimes experienced 


in getting steam traps to function properly under high pres- 
sures. In the design shown condensate enters the trap at the 
top and is discharged through the outlet valve at the bottom. 


As the water rises in the trap the float is buoyed up by an 
amount equal to the weight of the water which it displaces. 
This buoyant effect varies with the temperature of the water; 
at 60 degrees F. water weighs 62.37 pounds per cubic foot; 
at 212 degrees, which is the steam temperature corresponding 
to atmospheric pressure, the weight is 59.83 pounds, and at 
300 pounds gage, with a temperature of 422 degrees, the 
weight is only- 52.6 “pounds per cubic foot.. In any case the 
proper weight can be found ‘in steam tables engineers’ 
handbooks... 

There_are forces to keep the discharge valve 
closed, first the weight of the float, and second the pressure 
in the trap. The pressure acts with equal intensity on all 
parts of the float except the small area of the outlet valve. 
At this point there is only the pressure existing in the dis- 
charge line, which is usually about atmospheric. This means 
that we have an unbalanced pressure forcing the valve down 
on its seat equal to the area of the valve at the point where it 
seats multiplied by the.difference between the pressures in the 
trap and in the discharge pipe. If the trap is to operate it 
is clear that the buoyancy of the float, due to its displacement, 
must be greater than the sum of the wer of the float and 
the unbalanced pressure... il 

An actual illustration taken. ioe practice may make this 
clear. The contact diameter where the valve spindle seated 
was found to be 7/82 ifich, making the valve area 0.0376 

_ square inch. With a steam pressure of 100 pounds gage and 
atmospheric discharge, the unbalanced pressure tending to 
keep the valve closed is 0. 0376 X 100 = 3.76 pounds. The 
weight of the float alone is 4:17 pounds, giving a total weight 
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A—The Powerful Mechanism. 
C—Tobin Bronze Valve Rod. 
EE—By-Pass Valve and Outlet. 
G—Seamless Copper Float. 
I—Baffle Plate 

K—wWater Seal Gage. 

M—Blow Off for Sediment. 


B—Scale and Sediment Strainer. 
D—Phospher Bronze Valve Seat. 
F—Naval Bronze Seat. 

H-—Air Cock. 

JJ—Steam Inlets. 

1—Sediment 
N—Discharge Ou 
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of 7.93 pounds. To overcome this: downward force we have 
the buoyancy of the float.. By computation its displacement, 
when fully ‘submerged, was found to be 221 cubic inches, and 
as the weight of water per cubic foot at the temperature cor- 
responding to 100 pounds ‘gage pressure is about 56:pounds, 
the buoyancy of the float is only 7.2 pounds, hernice the: force 
tending to open the valve is less than that keeping it closed, 

and the trap will not operate. If the pressure is decreased to 

about 70 pounds the unbalanced pressure is sufficiently re- 
duced, and the buoyancy at the same time. increased, due to 
the change in density of the displaced water, that the two 
forces balance and the trap discharges. 

The trap with the dimensions given was submitted for test 
up to 300 pounds gage. In order to make it operate at this 
pressure the size of the outlet valve would have to be greatly 
reduced. This size could be found as follows: Buoyancy of 
float at 300 pounds = 221 + 1728 X 52.6 = 6.72 pounds. 

~The weight of the float is 4.17 pounds. Hence the maxi- 
mum unbalanced pressure cannot exceed 6.72 — 4.17 == 2.55 
pounds. Hence, the contact area of the valve must not be 
greater than 2. 55 + 300 = 0.0085 square inch or about 4 of 
the original area, The corresponding diameter is slightly less 
than 7/64 of an inch, Such a large decrease in the size of the 
_ outlet reduces the capacity of the trap to a prohibitively small 
value and also increases the of sediment 
_ lodging in the passages. 

_ Two. methods are available for increasing the capacity of 
“the trap. First, a larger float may be used, thus increasing 
the buoyancy faster than the weight. The principal objec- 
tions to this are the difficulty of building a large float that will 

satisfactorily withstand: the high pressures: and the large’ in-. 
crease in the size.and weight of the:trap:.:\A better and more 
common solution is the use of a compound-lever system for 
magnifying the power of the float.or bucket!: Such a solution 
as applied: to’ float traps is’ shown >in :figures'2 and ‘The 
same scheme. as ‘applied: to: bucket ‘traps is'shown»in figures 
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and 5. By properly choosing the ratio of the levers the pulling 
power of the float or bucket can be greatly increased, . How- 
ever, to secure this’ increased power, it is necessary: to: con- 
siderably increase the travel of the float or bucket in order to 
move the valve sufficiently far from its seat to permit a free 


| 


oi} fac of 
‘Fie. 4. 


An examination of figure 4, will show that double valve 
system) is used, consisting of a control or pilot: valve C, and 
the main dischatge valve M.. As the water level ‘rises in the 
trap: the bucket floats and keeps both valves on their seats 
until the water rises high enough to overflow into: the: bucket. 

- As the bucket fills, it loses its buoyancy atid sinks. Its! weight, 
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acting through the Jeverage, \is:sufficient to dpen*the' ‘small 
control This'admits steam! pressure! to: the ‘chamber 
D on:top of the piston P, which is attached'to/the tainvalve 
The piston P-and: valve: M:have the same area; so’ that 
when pilot: valve opens arid ‘adinits' steam to: ‘chamber: D 
the main -valve'is balanced! and opens’ readily the’ bucket 
continues to descend. This arrangement, permits the use of a 
large main valve, giving the trap a large capacity. Some 
method should’ te: “provided to’ permit the: escape of the water 
trapped in the chamber D, it miay the valves 
figure 4, in which’ the: ‘cottipoutid-valve system isnot used. 
‘Tn these’ designs ‘the necessary ‘operating ‘power is’ obtairied ‘by 
thaking’ the distance’ between the bucket fulcrum and the point 
of attachment of the valve ster as“short as’ possible, and also 
by propetty’ fixing” the'size of ‘the discharge valve.'To seeure 
_a short connection’ the etid ‘of the’ bucket ‘next to ‘the hifige'is 
“Often made iitélined;so that when’ the’ bucket ‘drops 
‘will ‘be ‘close to’and’ patallel with ‘the’ discharge 
operating power available for opening a‘ valve’: 
the’ steait pressure readily*tomputed'in the case - 
trap from the! proportions’ of ‘the taking’ the 
‘point of application the buoyant foree’of the’ float’ tobe’ at 
its center.” With ‘bucket traps it is ‘Hot qivite''so easy" to find 
the’ ‘result ‘by’ ‘coniputation’ uriless the bucket is’ symiinetirical 
anid’ of form ‘thidkiess) Tt is’ simpler't to attach! the 
bucket’ in its opérating’ position;’and ‘fill ‘the trap with water 
$0'that the ‘bucket will be submerged. ‘Th’ the’ case of the trap 
shown in figtre’4 it' will ‘be necessary to remove the head’and 
‘bucket and’ submerge them’ ita ‘pail of water!’ Then attach’a 
Spring’ balarice to ‘the bucket’ at the’ point of ‘attachmient of the 
valve ‘aind find the’ puill required ‘to lift the bucket: This gives 
the force’ Hvailable for Operiiig the dischatge valve! ‘This 
restiltis only ‘slightly by’ the 'temperatute the 
water bécause'the voluitie displaced’ by the metal itt the ‘bucket 
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lis, quite! small, . The.closing. force is notthe same, but is 
-dependent:ion the /buoyancy.,of the: ‘bucket, which is equal: to 

the weight of water displaced, arid is considerably affected by 
the temperature:of the condensate. . In every case the opening 
force should, be: greater than ithe area.of the valve, measured 
on: ita seating diameter, multiplied by. the: steam: ort} 


the foregoing discussion the re- 
inten between, valve, size, and available operating power of 
. float or bucket, it is evident that steam traps will have widely 


varying capacities, depending on, the design... Ati is 


outlet, pipe connections... This method, has, nothing. but 
to recommend it,.,., Traps: of, the same nominal .size. often; have 
widely, different, capacities, For instance, with, the 1}4-inch 
traps. tested at the. Naval, Engineering, Experiment. Station, 
the minimum capacity, of any trap jat.250, pounds. steam pres- 
sure was found to -be; 2,300, pounds of water per hour, while 
the maximum than eleven, times 
as much, The latter, trap had a compound-valve arrangement 
similar to that of figure,4..A, capacity, rating of a, steam trap 
is of, no, value, unless the pressure, at; which. it,. was, made. is 
also)given; often the published ratings represent the capacities : 
the, maximum pressure for which the, valve jis, designed. |: 

In order. to; secure, satisfactory, capacity results from.steam 
traps, itis desirable. that, they. should. be provided; with inter- 
changeable valves and;valye. seats adapted to various pressures. 
‘The number, of valves|thus provided is usually, limited to three, 
covering certain pressure ranges,, One should.-be,a low-pres- 
sure. valve, for use, from atmospheric. pressure, up. to about 30 
pounds, gage; one-an. intermediate. valve. for )pressures. from 
30 to 150 pounds, and one a, high-pressure valve, for; pressures 
from 150 to 300 pounds,), The,-highrpressure: valve. will,, of 
course, operate at.any pressure down, to atmospheric, but with 
a_greatly, reduced, capacity,,.because.of its small size.; 
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a, 14-inch trap! which discharged 3,200: pounds: of water at 
250, pounds, pressure discharged ‘only):900 pounds with the 
same valve and.a steanmpressure:of 10: pounds, By ‘changing 
the valve: to the:proper ‘size-for' this pressure the capacity of 
the trap at 10. pounds pressure: was increased to 4/700‘ pounds. 
All valves should operate! satisfactorily: up ‘to’ pressures some- 
what higher than their rated value ; this means that a 30-pound 
valve should operate up ‘to say 40 or 45 pounds for a margin 
of safety. 'This'also makes'it possible’to grind in’ the’ ‘valves 
when ‘they become worn or evért to reat ‘out the'seat. Both 
of these operations are‘apt to enlarge the ‘seating area’ of the 
valve withthe cofisequent danger of the trap becoming inopeta- 
tive at the higher pressures. This ‘sometimes ‘makes it neces- 
sary. to’ valves and® stats ‘with’ new ones of the proper 


oF orux-aucker AND BALL-FLOAT TRAPS, 


There, does. not. seem, to. be much, chnice ‘between these: 
types of traps, for, most, kinds of, service, and both,'types are 
giving satisfactory, results... The, bucket, trap isiof the,:inter- 
mittent-discharge type, the bucket alternately filling, and dump- 
ing... The, action when, opening and: closing should, be sharp 
and, positive,, and: when, i in the closed, position there should be 
no dribbling, of steam or condensate. traps,|on 
the contrary, discharge continually.so long as.condensate flows 
to, them, and when, working, properly,ithey will ;maintain 
absolutely, constant, water. level.;; It, is. often claimed) that: the 
sonstant; wire-drawing action inthe constant-discharge type:is 
destructive to, the. valyes..and seats, and,/that; inthis irespect 
the interittent-discharge. type iis; preferable;,,,On the-.other 
hand, the constant, opening, and, closing),of, the valve of; the 
intermittent, type will . eventually; wear,a,groove in, the. valve, 
especially when sharp-edg ed seats are used. 

When first put in nals thé opeti-bucket type will, have 
its» discharge: valve’ it: will” remain 
enough condensate ‘enters: to: buoy! ‘ap: ithe ‘bucket: Usually 
this! will bend! disadvantage’ since-air, followed by:condensate, 
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usually enters the trap: ahead: of steam. This ‘gives the air 
aigood chance to escape!) Ifa :trap-is: blown down, ‘however, 
and then dry steam. only: enters, the'trap may: continue ‘to 
blow steam for some time.:'| Ball-float traps are ‘always ‘closed 
when empty, andthe discharge: valve; the 
HoOg-US 
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‘installed, on, a. vessel i ina heavy the operation 
of both types: is, interfered, with. In, stationary.,service traps 
are always installed. i in a horizontal. position, but on-a.vessel 
their position.may vary, widely, from,,moment. to: moment. 
‘Traps having attached, buckets or floats.are, most; sensitive to 
oscillations about an axis at right angles to a plane, containing 
the bucket and the lever arms. Whenever a certain angle of 


on the: of: water’ ‘seal’ for’ the 
discharge valve and on’the distance 'betweeti'the float atid ‘its 
pivot. ‘The shorter ‘this’ distancé ‘can’ be! made ‘the ‘better ‘the 
testilts will be! Tilting the ‘trap in' thé spposite direction has 
no effect on its ‘futictioning. Also when’the' trap is‘ rocked 
sideways ‘about ‘an’axis inthe plane’ of’ the buckét ‘and’ the 
lever arms: there ‘is ‘no’ interfererice’ with operation." "Con- 
sideration of this restilt would indicate’ that’these traps’ should 
be installed in' a ‘fore-and-aft ‘direction ‘wheriever convenient 

todo! Not ‘traps; however, ‘ate ‘adversely affected ‘by 
the rolling! of the ship! Tests made“ onthe two ‘types’ shown 
in figures 6 and’? Show’ that the’ operation of’ these two de- 
signs is not affected by ‘any ‘ahglé of\inclination ‘up to! 35 
degrees'no matter in what direction the trap is 


STEAM, TRAP FITTINGS, sg dead: 

auxiliary: fittings often! placed on steam 
traps as an aid. in maintaining and determining their condition 
of operation. | These) fittings include:a bottom blow: for cleat 
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imation 1s exceeded One direction the discharge Valve 
: will usually open’and permit steam to escape. This angle is 
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ing the'trap of any accumulation of scale sediment; an 
air cock for:relieving the air at intervals to prevent:air’ bind- 
ing, a gage glass so that the operation of the trap‘may be 
seen at a glance, a hand gear for operating the valve to deter- 
mine whether or not it is sticking, and an accessible and 
removable’ strainer for" “trapping stale’ and’ sediment’ before i it 
reaches the. trap: bas islintie- stip 2 

thes# ‘aids’ in’ the’ gage glass’ ig 
hardest’ to keep ‘in’ ‘Satisfattory condition. ‘The’ 
tubular glasses’are not’ reliable at high steam’ pressurésand 
often’ require’ frequent renewal." For’ high ‘steam pressutes 
flat glasses of ‘the’ ‘Klinger, or reflex type, are’ miuch’ ‘more 


satisfactory.” ‘A little device; figure 8, that has’ giver ‘excellent 


results a 'gage-glass ‘substitirte ‘is shown in’ the’ atcompariy- 
ing ‘illustration’ This’ device) known’ as’ thermo’ gage, is 
attachied to the'trap just’ below’ the normal’ water lével ‘that it 
is desited to maintain: At'the upper end a’ dise radiator and 
a pet cock.’ So long’as"thé trap’ operates ‘properly ‘the gage 
will be filled with hot watet; "atid the’ radiator ‘discs’ willbe 
found to be’ ‘progressively wartner ftom thi’ top down.’ ‘If the 
tfap becomes water logged the’ radiator becomes éold;’ while 
if it leaks the water seat in the gage 18 lost aind' the ‘page ‘has 

a’ temipératiite approaching” hat the steamy? conve 
nience’ of ‘the’ dévice is’ apparent,’ ‘as'it' only "a touch! ‘Of 


the hand’ to'determine how! the trap’ is operating.” 


be traps should always be placed lower: 
line-they are intended to drain, and ‘preferably: above the level 
of the tank into which they discharge. No trap should be:con- 
nected to drain more than one: line:unless' the pressurés: are 
sure 'to be! identical...» They: should, whenever: :possible; beislo- 
cated in an accessible position for convenience\of!»inspection 
and repair. Other things being: equal, ‘the: longitudinal: axis 
of the trap! ishould be placed fore and ‘aft; rather: thanathwart- 
ships, because the operation of) the trap will be: better 
heavy seaway.: Traps should:always be connected with unions 
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to facilitate removal, and a by-pass should be provided for 
use when the trap’ is out’ of ‘service. 


44 


"TYPES oF TRAPS. 
external appearance of, the, traps in figures 2 


stant-discharge type. The valve arrangement and the: con- 
nection between the ; float and. the valve. is, however, quite 
different i in the two designs. In figure 2 the float, Operates 
the valve through a powerful toggle-joint arrangement, insur- 
ing positive control of the valve. The-valve is placed well up 
above the bottom of the trap. where it will be free from 
sediment and scale, and as an additional safeguard a strainer 
is fitted on the valve mechanism, The, strainer, however, is 
not accessible without dismantling the. trap, and, furthermore, 
the inlet,and outlet connections, being located in the body and 
the. cover respectively, make it necessary, fe. sles he: Pipe 
line before the trap can, he opened 

the design shown in: figure, 3 the, ‘the 
pressure instead of against it as is. usual... ‘In this case the 
float and attached, parts must be heavy enough to keep the 
valve closed at, the highest pressure yet the buoyancy 
must, be, sufficient; to open the valve when, the, water, level in 


the trap rises to,the desired, point, With, this arrangement 


the danger of fouling the valve is reduced to a minimum. 
The handwheel A is'So arratiged that when it is screwed in 
against»the lever the! valvé-is: opened; clearing ‘the trap’ and 
cleaning the seat. The»inlet and outlet: corinections are placed 
in the body ofthe trap, making ‘dismantling easy: It ‘wifl be 
noted that all of the operating parts are attached to the cover 
which may- be taken‘to'a_ — any’ 
mentsmade conveniently; nt boise 
_ Figure 4 is, representative laigely used in| the 
Navali: Service: With this: type ‘either the single sor »com- 
pound-dischargé! valve:may be used’; latter gives the trap 
a very large capacity. This ‘has: the’ inlet and outlet 
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connections inthe cover; so that it can be readily dismantled 
provided. the body is not fastened to the floor and there is 
sufficient space to clear the bucket. The counterbored-recess 
type of gasket flange as used on this trap is excellent. Best 
results will be obtained by carefully fitting the male and 
female ends so that there is only-a small clearance, otherwise 
the gasket may be blown out. 

Figure 5 shows another type of Gpen-bucket trap used to 
some extent in the’ Naval Service. A compound valve arrange- 


‘ment differing only in details from that-already. described is 


used. As the water level rises the bucket fills and drops, 
moving about the swivel joint G as a pivot. The float arm 


’ Q is fitted with a projecting fork which engages the nut L, 


on the pilot-valve stem O, thus lifting the pilot valve when 
the bucket-sinks. The: condensate is then forced out through 
H, Q, G and the discharge valve to the outlet: This particular 
design requires a comparatively large trap hody, the side walls 


of which are usually made flat surfaces. Such a construction — 


is not satisfactory for high-pressure work unless) carefully 
reinforced, and then the weight and space required’ are exces- 
sive in proportion to the capacity. | 

What is probably the~simplest trap ‘suitable for 
sure work in use at present is shown in figure 6. It con- 
sists of only four parts: body, cover, float and outlet valve. 
The ball is the only moving part, and it is in no way restrained. 


‘When not under pressure the ball rests on the lug’at the 


bottom of the trap... As soon as the condensate enters, the ball 
floats and is forced against the valve seat by the unbalanced 
steam pressure. As ‘the water level continues to rise the 
buoyancy of the ball avercomes the foree holding’ it on the 


_ seat, and the float rolls up “about the t top edge of the valve 


as a. fulerum, thus permitting the condensate to discharge. 
Air, ‘being heavier than”steam- ‘and lighter: than ‘water, will 
form a layer between the two and ‘be discharged first.' This 
obviates all danger of the trap: air bound. This trap 
does not permit s steam to blow through when oscillated up to 35 
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degrees from, the horizontal position, that is through a total 
angle The ball floats 'usediat this station*were 
originally nickel plated: This plating has a tendency to flake 
- and: may ‘cause a) slight unevenness of the surface: 
must be exercised when assembling the trap not to drop''the! 
ball into place or a flat spot. may result. If this occurs a 
drop or two, of solder at, this point will, make this, side heavy 
and will prevent this spot from coming in contact .with,\the 
valve and preventing proper closing, Floats for,use with this 
trap when tested hydrostatically, failed at gbout,,1,000 pounds 
pressure, which: indicates that they, are, amply; strong. for.,the 


service intended, The addition. of good, strainer at, the inlet 
would be desirable. fe 


wanols. smosed o} et 


In figure 7 is shown a trap which, ptaety on. an,-entirely 
different, principle from any) of, those, previously. shown,,,. ‘The 
inlet is at the left, of, the, base and, the, outlet. in; the cover, so 
that the trap does not fulfill the ideal requirement .that the 
design should be such that the trap, may; be.opened up, with- 
out, disconnecting any piping; The, gperation.of, this.trap.is 
as follows;,, Condensate enters, the base, or, separating chamber 
and passes, up .through, the, connecting, brass, tube, into, the 
upper. or, bucket er.,..In| the, position, shown, the, bucket 


is, in_ its, lowest, position and the. outlet yalve.is opem for, . 


charge, As soon as, all.of,the water,is discharged, from: the 
base, steam enters and fills the bucket. This makes the bucket 


buoyant, since it is surrounded by water on the outside, and 
it rises, closing the valve. The steam in the bucket is con- 
stantly condensing, and in order to replenish it a small angular 
hole is drilled in the brass tube at the top of the base chamber. 
When the base chamber fills with condensate this passage 
becomes water sealed, and the bucket soon loses its buoyancy 
and sinks, opening the discharge valve. Any air entering the 
trap will find its way into the upper part of. the inverted 
bucket, and if it were permitted to remain there the trap 
would soon become air bound and cease operating. To pre- 
vent this a very small hole is drilled through the top of the 
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bucket, this allows the) air to escape into the top of the trap 
where: it will be promptly.discharged soon as ‘the trap 
opens. This trap is not adversely. affected by being oscillated 
and does not need an air: endl; ‘since it: cannot baa air 
o} ion Si nodw Sa 
the desirable of'a satisfactory steam’ for tise 
in the Naval Service may'be surimarized as follows: 
- Stong, rugged construction’ with properly designed gasket 
joints which may be kept tight without difficulty. 
’ Inlet and otttlet connections in the body of the trap. 
' "The ‘outlet’ valve located ‘above the bottom of the tra: 
it is not likely to become clogged. nae 
An accessible inlet’ Streamer’ 
Powerful -valve-operating mechanism so that 
valve thay be latge etiough' to give the’ trap ample 
Proper functioning when oscillated. 
A’gage glassior other device for éasily determining 
“the' trap ‘is operating properly. For ‘this purpose a hard gear 
_for opening the"outlét valve is also'often ‘convenient: 
>To Secure’ the’ Best -restilts' with traps’ they should ‘be int 
stalled on the ship with their axis ‘foré and'aft to thinimize’ the 
effects of ‘4 heavy ‘sea. ' They should always’ be connected to 
the litte with urtions, and every trap should be’ by-passed." 
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eqite to lemme sh ob 


By Cc. we DYSON, Navy, 


larmed> forces of ‘of the 
wavé of' popular approval only'in times of national peril. ‘The — 
peril past, the Army.and'the Navy are forgotten, ‘save by a few, 
and: these fortes “practically: ‘compelled to’ fight; if not 
actually’ for’ existence} ‘at least for’ sufficient’ support to’ main- 
tain @ nucleus about which efficient’ forces be again 
time permits, when another national emergency’ artives. 
At ‘theltimie ‘of ‘entrance into the Naval “Academy 
as'a Cadet Engineer, October the ‘Civil’ War was 
buried! under fourteen’ years’ of ‘peace, duting ‘which’ tithe ‘the 
Nation 'had’been taken up with the mighty problems 6f’recon- 
struction of the Union, and of the rebuilding’ of industries and 
of ‘(private fortunies ‘which ‘had ‘beett’ wrecked ‘ini the turmoil ‘of 
the Navy, ‘as welbas ‘the’ was 
fromthe spotlight! of the ‘public’ stage’ and" hidden 
vessels'on the active list of 'the'Navy’ relics 
Of the ‘period ‘atitecedent the wat and of the ‘wat period) arid 
inicluded ‘among them'onee steatti ‘frigate fitted with’ side ‘wheels. 
Thé building’ ways at'thé navy yatds were ‘occupied by’ wooden 
hitlis taid ddwn dering arid’ immediately war, 
buit*Which, due to lack of appropriations’ were fat 
decay at the petiod ‘of/which I write! At Séveral 
the-ship-yardy' df the ‘country’ Were the’ itor hulls’ of ‘five 
‘sorhe' Gf Which had already’ been launched, but aff of 
which were waiting for turrets and which were 
lack i Aguods tora 
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In order to maintain the small number of ships we had on 
the Navy list it was necessary, in some cases, to rebuild the 
vessels around a small piece of the original keel, as Congress 
for new construction, and therefore ‘is rebuilding was effected 
under the head of necessary repairs; wend vi 

Some small amount of new construction had been carried on, 
however, and in addition to the few ante bellum and bellum 
craft there were four; wooden steam, sloops, three steel stéam 


sloops, and one waoden steam frigate, the Trenton, on the Navy 


list, which only dated, back to 1876 and /. ont 
Congress; notwithstanding its general neglect, of the ‘Navy, 
had passed, one, piece, of legislation, of igreat value,to the (Naval 
Service, As, was, but.natural,, the rapid decay\ of »mateniel had 
been accompanied. by as rapid,a deterioration of the personnel 
of the. Nayal Service.) From the, general diseouragement and 
carelessness, which; the ;existing conditions, engendered,) some 
few .officers of all branches. had held themselves' aloof, and, had 
persevered against, heavy odds im their attempts, to, better the 
condition of affairs and to keep themselves abreast of the times, 
trusting that the opportunity for jusing their talents would arise 
in the, mot distant future. ; Congress, by an.act passed, in 1864, 
had authorized the formation of classes at the Naval Anademy 
for the study of Naval Architecture and |Marine Engineering, 
and, had designated such, students as; Cadet, 
first results were very discouraging and the scheme:was dropped 
in 1868, but; was; revived again in. 1871,,. when, a,two. years’ 


was) established. This, was, again, modified m,1874; 


when. the course,.was extended, toifour years. The, examina: 


tions for entrance were competitive, twentyrfive new men being — 


admitted, annually. ; The system. was short-lived, being, legis: 


lated outjof existence in1882,, when. the; Cadet, Engineer and’ 


Cadet Midshipman classes were combined and the titles. changed 
to, Naval Cadet. bas 101 gatiiew saw 
Brief though the time,,and few the, aumber,.of. classes that 
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had been admitted, three classes.of two years and eight classes 


of four years, the results as measured by the, material obtained 
have probably, never been surpassed by any. educational. institu, 
tion, Among the graduates of, these classes were the late 
Prof, H.. W.. Spangler, of the University of. Pennsylvania; 
Prof, Mortimer L,. Cooley,, of the University of Michigan; 
Prof, Ira L, Hollis, president of Worcester Polytechnic Insti. 
tute ; Prof, Durand, late, of Cornell, University ; Prof. 
W. H. P. Creighton, late of Purdue, College, men who may 
be, rated among, the founders, of modern, marine, engineering 
education in this country... Of, those.graduates still in the. 
- Naval Service but few now. remain on. active duty, but, among 
them. are, to be; found Rear, Admiral. Griffin, Chief of, 
Bureau of Steam Engineering; Chief Constructor. D,, W. Tay- 
— lor, Chief of Bureau. of Construction, and, Repair; Rear Ad- 
miral Joseph Strauss, late Chief of; Bureau, of Ordnance, and 
Rear Admiral George E. Burd, Industrial Manager of the 
New York Navy Yard, Among’ those in civil life who have 
distinguished themselves are Mr. F. T. Bowles, late. President 
of the Fore River Shipbuilding Company;:and now Assistant 
General Manager of the Emergency Fleet' Corporation; Mr. 
W. H, Gartley, Engineer of Works of the, Philadelphia Gas 
Improvement Company; Mr. A. M. Mattice, late of the West- 
inghouse and‘of the Allis-Chalmers Machine: Companies; Mr.. 
W. M. McFarland, late of the’ Westinghouse, and now with: 
the Babcock atid: Wilcox Mr A. of 

The older ‘engineers: of the: Navy did'- in the 
of, development; but they were: growing ‘old' and disap: _ 
peating rapidly from the: active field,.s6-that the brunt of the 
full developmentiof out naval machinery as. itexists today’ fell 
upon the shoulders of these few! Naval Academy: classes: who 
have been ‘in battle from its \incéption,: ‘How: well they. 
have carried out their-task is’ téstified to by theiefficiency now 
being, demonstrated: by our vessels of:all types actively engaged 
in actual war service. 


4 
3 
x 


258. _ RETROSPECT. OF NAVAL MARINE: ENGINEERING, 


. NAVAL ENGINEERING SUBSEQUENT TO THE CIVIL WAR. 


In 1863 the Navy Department’ had designed and had laid 
down ‘several ‘cruisers ‘whose maintained sea speed was’ speci- 
fied to be higher than’ that‘ of any vessels, naval or merchant, 
afloat. The’ first of these’ vessels was not completed until 
1868. “This was the’ Wampanoag, the’ most celebrated in 
‘marine engineering history on account of the phenomenal 
results obtained, phenomenal in those days as compared with 
existing vessels. machinery consisted of two single- 
cylinder simple’ engines, of 100 inches diameter of cylinder 
and, 4 feet stroke, direct acting, and connected to the main 
propelling shaft by multiplying gearing, the designed revolu- ° 
tions of the engines being 80, piston speed’ 240 feet per minute, 
revolutions of the propeller shaft 60. ‘The gears were made 
with wooden teeth in order to deaden the noise. 

On trial the ne obtained + were as follows: 


“Fresh wind ‘moderate’ sea on 
Average revolutions, propeller, . 63,678, 43.78 
Boiler pressure, Pounds per square inch. 20.69 


What thinke mean: will be more fully 
seis it is considered that this maximum speed was: not at- 
tained’ in the British, Naval ‘Service until eleven years later, 
1879, with the darge despatch vessels: Jris and Mercury; in the 
merchant service in:1879, with the Guion liner Arizona; while 
in our own Naval Service: a period of 
this speed: was again equalled... 

The Wampanoag and. her sister ships soon. 
They. were surveyed and condemned. .as: unfit) for: the Naval 
Service within a their’ trials, given 
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for this action being “excessive dmount»of fuel burned’ and 
“the grate surface :exceeded ‘the area of the midship section of 
the: ship.” Viewing the ‘fuel consitiption: in the slight of 
today, the first reason appears childish; but it must-bé rememi- 
‘béred that, at! the: time of these vessels, the leading. spirits of 
the Navy ‘were the developments of the:days’when sails 
motive power were supreme, ‘and: machinerywas' ‘only looked 
on as an auxiliary to help out in time of when the vise 
of: sails was’ impractical. Thé)second reason ‘appears ‘peculiar 
today; but may !have had; some connection withthe subject 
according ‘to: the viewpoint’ of those days‘ of:long ago.) 
Theomachinery of, the Wampanoag ~was designed by 
late Commodore B. F. Isherwood, U:»8::Navy, who at ‘that 
time was Engineer-in-Chief of: the: Navy: He::was subjected 
great amount ‘of criticism »at the time but, as ‘we know 
Thefirst decided and permanent: in in: 
engineering in our Navy occurred in! 1871~1874, when it was 
determined to throw away the:two simple! cylinders:of ‘each of 
six sets of engines which had been built for installation in ‘six 
old sloops being rebuilt:under the head ‘of repairs,’ and to fit in 
place of them a-high and a‘low-pressure cylinder. \'\This was 
the in our Service of the compound. engine. 
These engines wete of what was knownras'the “ Isherwood” 
type: They were horizontal, back acting, with the cross-tail 
guides located under heavy rectangular cast-iron:condensers 
on. the opposite ‘side of the ship from the:cylinders.::'| Fhe main 
circulating, main air: and: main. feed-spumps: were all; of 
reciprocating type, worked directly by rods taking hold of lugs 
on! the side rods sconnecting »crosshead and -cross ‘tail! The 
Stroke of 'the: engines 42: inches, the: revolutions about, 50, 
giving piston ‘speed of 350! feet per: minute! The steam 
pressure at the boilers was 80 pounds per.gage. This:rise:in | 
pressuré from the: 80 or 40 pounds:carried: with the old simple 
etigines, necessitated departure ‘fromthe rectangular type of 
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boiler which thad been:used: in the past, ‘the: adoptiom of 
boilers» of the cylindrical type. These:cylindrical boilers were 
‘classed ‘as Compound” boilers; but were:the same as the well- 
Scotch” boiler :of today. jew ont vebos 
In-1873; Congress: passed) an. the: construction 
eight’ vessels of! war. These the vesselsreferred. to 
‘earlier in this lecture as:corhing intorthe Service: in.1876+77. 
‘The:most' noteworthy thing in this: act of Congress: was: the 
that the act required that-these vessels were to:be “steam 
vessels of war, with auxiliary sail power,’’:; This: proviso indi- 
cates the development of) viewpoint! that was o¢curring! and. is 
‘one of the-first signs of a: full, appreciation by (Congress iand 
by the naval authorities of, the value!of ithe steam engine as.a 
The three, 'steel::sloops were: ifitted ‘with. engines, of 560 
LH. P.,:those;of the four wooden ones while. 
the wooden frigate was given 3,000 I/H.P.; :All.of ithe engines 
were of, the then, well-known Isherwood: type, as. already \de- 
-scribed,..the sloops' being: two-cylinder, compound. while: :the 
‘steam frigate! was compound, all of 
Up to and | for! several, years: later: all | for 
our fighting ships,were made hotizontal it: order to! keep them 
below: the water line of! the) vessel ‘and: thus insure:a-certain 
‘degree: of \protection: against: gun fire. ‘The engineerdepart- 
ments of the ships wereiof the very simplest type, practically 
all- principal: pumps being operated: from! the ‘main engines. 
‘The: auxiliary machinety:was very limited in amount, there 
being no such: machines:or apparatus: as blowers, dynamos, 
evaporators, ice’ machines ‘or! even sanitary pumps. Distilling 
condensers ‘were fitted, but: the steam for them ‘was ‘taken 
directly from: the main boilets arid the fresh water thus made 
‘was used! only: for: officers’ bathing, for’ drinking 
‘Simple as ‘were: these machinery still have a 
vivid picture im 'my mindof the engineers ‘of those days: walk- 
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ing, around thoroughly, bowed: down by the, wéight/iof .respon-- 
sibility; carried ‘om A. Jithior Officer of: today 
would feel:very much injured! should jhe-be, ordeted to duty: as 
Chief, Engineer of one of these old vessels,; 80me-of; which are 
still in active service, and wonder as to what:iwas:the trouble 

June, 1883, the Navy, while, not dead; \was moribund, but 
in, that year oceurred what may be styled) Jozeoy orl! 


op Navy ANB OF HAVAL “MARINE 

| 883.t the Navy. had. become bad tha 


cers asham amed to tak their vessels. into ports } 


quate were our ships, not only in lbiliiadet A materi 12 
of all, description. 
Np 24 Onl sihivio. of 


ring ‘this year, however, the interest of ¢ ongress awak- 


chad trom m, its long sleep of. nearly twe rs,,,and t the 
naval appropriation age of that y year gent it a provision 


were as th Boston and 


fi ee being protect FT 110) ruisers van le four 2 
“The Iphin, Boston ; an all si ng! le-screw 


3 i Me 
engine ‘of 2,800 1 and.11 


ds steam pressure at. the engines. hos ose, of, the. 


sto were Similar ‘in’ design 


steam ‘frigate of 1876, developing 3,500 I.H.! 16 tevolu- 


) pounds pressure at the the piston 
feet per minute, kg the Dolphi in and. approximatel 


500 fee the. cruise 


“the of the of hull s and 


these. four vessel th ‘nuc eus ‘our ay 
were 0! such t in the ap ppropriation bi a ie 
Vision was ma NWA Ad Advisory Board’'té determine 
these — As organized! this "Board ‘con- 
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sisted) of :five:'Naval) Officers, three ‘beiig: the Line,’ one 
Erigineer ‘and’ onei‘Naval Constructor; ‘aésociated ‘with’ two 
Civilian members, one:of 'these: being! a: Naval Architect ‘while 
the other: was:a Marine Engineer; both ‘being very’ prominent 
As can be seen, the Board was very conservative ‘in’ the 
cases the Dolphin; Boston and Aflanta; but the ‘case! of 
the fourth vessel, the Whicago; they allowed’ themselves go 
to the other extreme in their desire. to, show, something, pecu- 
liarly American, and widely, different from anything in the 
line of machinery that had heretofore been fitted in the vessels 
of any’ Navy. “‘Anxibus ‘as ‘they, were to ‘show’ progress, 
engines which they a adopted were. ‘temarkably like the engines 
which were fitted ‘to a ctaft known’ ds ‘the Stevens 
thirty years prior to this‘ time. 
_The civilian marine engineer was given fal 
trol ir in ‘the: determination, of the | 


engines, one to ‘each. shaft, is 
the bottom of the ship, piston rods passing through h the Piet 

heads and connecting by means | of links to. ativan 

beams which ‘connected links to the ‘crank. sha t 


a ‘steam pressure at engines 0 90.1 


the were ‘also a peculi type, ing 
double-ended and’ two's ingle-ended’ ones. They were 


drical, return tube, with internal back c cottons, ‘The 
were set in brickwork and externally firec There 


point of ‘real advance made, ‘however, and’ that was in iting 
the vessel with forced, draft, which had been installed in iso- 
lated cases in. the past, seeds 
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She fife df the-entire instaltation was short,it being entirely 
removed after seven years’ service and replaced ‘with inclined 
threé-cylitider itriple-expansion ‘engines; and’ a ‘mixed installa- 
of Séotch and of water-tube bollets, 'the' latter ‘being’ of 
"Phe Supporters’ of ‘sail power stil being in the’ascendant, 
althqugh the, signs of the times, indicated their speedy, down- 
fall, these four vessels were all rigged powerfully, the Chicago 
being a bark, the Atlanta and Boston bri s, and the Dolphin a 
fopsaif schoone ne 27194 9229) .O 949 290 Of 

The next th’ 1885, “the Wewark, 
‘and ‘Petrel; ‘marked a distitictera in 
history Of naval ‘this’ “THe 
Charleston and’ Petyel were the fast Ships’ designed 
with cortipotind 'engities, ‘whilé the Nelidrk and ‘Yorktown’ were 
first vessels be” fitted’ witht ngines Of the triple-expansion 
type. “The engines still’ wete ad qu 

‘steath pressiite ‘darted’ in’ the béilers of ‘the! ‘Gompourid 
was 90 whilé in 
engines it had risen to 160.” "The piston Spéed Of the'Charkeston 
Was 690" feet per ‘minute’ While’ thal? Of! the’ Newark’ was ‘826. 
power of the: Chareston ‘was ‘desighed ‘7/300, that of the 
‘Both “of these" vessel ioh trial ‘exceeded 'the 
record’ Navy''speed' ‘of ‘the’ old the first ‘in’ out 
Navy to do'this'after’an interval of 21° 
Th 1883 electiic apparatus for ship's. lighting Had’ 
stalled‘ the Trenton, the'steami frigate bf1876, and she had 
the” honor” “Being the! ‘first’ 'sea-going vessel, naval ‘or 
merchant; 't6'be equipped. The Yorktown ‘the 
irittoduction oF 4 new atkiliary: On her was installed the first 
evaporating set.” Ifthe vessels! prior’ to the and tn 
‘with ‘Hier, ‘the! steant for the’ distilling 
condensers 'had!' beeti! taken! the main’ boilers ‘or from 
auxiliary boilers’ provided ‘for this purpdse'and for ’géneral 
auxiliary work.’On the Yorktown, however, special evaporat- 
ing. apparatus as it is known today was and isuch 
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apparatua, was gradually, om all: yasssls, of, any size in 
the; Naval; soi ay forse tatty 

(As. the Charleston, and Petrel, marked passing, of the 
compound engine from general use in the Navy, the Newark 
and Yorktown marked the,coming, of a mew type; which lasted 
for many. years. have been the first.of the 


he engines of t lese two vessels were 


Th Newark, 

bad in ing d to 

1S, ‘operated 


valve, gear, the, Marshall 


of, maintaining constant steam, and, exhaust tall d 
of linking up. It had, however, the objection Of a great num- 
ber of, joints which, after adjustment, required a careful, yepet- 
ting. of, the,valve,,..The popularity of this gear was shart, lived 

ooking, for the, machinery; designs, for these. vessels, the 
Navy, Department, not, haying been impressed with the, designs 
catried, out in the, first lot of new, wessels,, went abroad, for. the 
designs for the, machinery, for the Charleston, and the designs 
were obtained from. England. These jwere, supposed to, be the 
designs used for, the, Japanese cruiser, Naning-Kan, but they 
were, in seality made.up. a8 a, composite, set, taken, from, four 
different vessels, .the,..Italian . cruisers. Rina Gioqvangs 
Bausan, Naniwa-Kan fourth ship, supposed .ta ,be 
the Chilean, cruiser, Esmeralda, Upon. attempting. to, fit, this 
hodge-podge collection, together. numerous) cases of, interfer; 
ence, occurred, but, finally;,a satisfactory. vessel, was, evolved, 
although before this, was, accomplished the, original air, pumps, 
which were of, the horizontal, high-speed, type,, were discarded 
and air pumps of the vertical, inverted, overhead-flywheel| type 
ysbot myord ei ji 2s zutersqqs 
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machinery, of , the: was designed :by the; Navy 
Department. while those of, the Newark and, Yorktown. were 
the children of:the brain,and skill, of, Mr,,Horace See, at, that 
time the Designing: Engineer forthe Cramps! Ship; & Engine 
Building, Company, the builders of these two, ships, and-to, Mr. 
‘See belongs the credit: fori fathering the;multi-stage.expansion 
lerajin the bolise pita) of 
Theiyear 1886; was a/banner-year, for the Nayy.:;The Naval 
appropriation bill, for: that! year provided for one second-class 
_ battléship, one, armored); cruiser; one. protected: cruiser; one 
dynamite-gun cruiser anid:one torpedo boat, Of these vessels 
four’ were practically ew types df, vessels in our /Service,i for 
the nearest: approach: to’ battleships:‘we possessed ‘the 
large monitors already mentioned, of: which -ati this time! four 
‘were being completed: no: stich craft asthe atmored,cruiser 
hdd existence! with us.-: While we! had: had-torpedo boats ipre- 
vious to this time, they had usually been \either of the tmake- 
shift variety or of some disappointing: freak: type from which 
nothing ‘could be expected.' ‘The: dynamite-gum cruiser’ may 
be placed the freak class. ‘She was \‘/wished”, on us and was 
a failure, so special function: wasconcerned, from . 
engiries:of the armored cruiser; Maine and ithe dyna- 
mite vessel esuvius:-were: desigtied -by, the, Bureauiof Steam 
Engineering: of the Navy: Department andthe Cramps Ship 
and Engine ‘Building, Co.,- respectively, those of, thetorpedo 
boat. Cushing: by: the: Herreshoff,, Manufacturing Company, 
while those of the battleship Texas ;and of the protected cruiser 
Baltimore were purchased in England) 
engines of Maine, and\.of the: Texas, wete,-fore- 
runners of the passing of the horizontal engine-for. main. pro- 
pelling purposes. on; our Navy.- These: engines 
were vertical; inverted, three-cylinder, tripleexpansion engines, 
twin-serew, having a piston speed of 800 feet per minute for the — 

witha steam pressure of 150 pounds, at, the engines. 
The piston speed and steam pressure of the Maine were 750 
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feet and 135 pounds: “The Cushing's engines’ were twin- 
screw}: five-cylinder, ‘vertical, “inverted, quadruple-expansion 
engines, a “néw departure for us, twin’ screw the ‘boilers 
were: of the’ old'style’ dry-tube’ ‘Thornycroft type, the °first 
appearance in’ the American Navy ‘of the smail-tube express 
‘type ‘of: boiler’ for main’ power ‘units in’ other than launches. 
The Cushing marked a still further increase’ in piston speed 
and in-steam pressure; the ‘first ‘having risen’ to! 928 per 
minute; and the latter to! 250: pounds perigage.) 
the? vetselsiordered during’ the ‘next: year, 
cruisers showed a great décrease in sail power over'the Newark, 
which had'been bark rigged. -‘The only advance in engineer- 
that~was made was in the monitor; the Montere'y, 
in which; for the first/time in one of our comparatively high- 
powered vessels of any great fighting value a large proportion 
of power was! supplied: by» water-tube! boilers.» On ‘this 
vessel two-thirds: of ‘the total: power was supplied! by ' water- 
tube’ boilers ‘mantfactured: by the) firm: of Charles. Ward, 
of ‘Charleston, ‘West ‘Virginia.’ They were of the cylindrical 
multi-coili: type,’ and. while: giving satisfactory’ results. until 
1903, when were replaced: with water-tube boilers: of a 
later type, they possessed several objectionable features;—they 
were difficult to ‘keep: clean, ‘both:exterior and ‘interior of 
tubes; tube renewal! was difficult; on ‘account. of cylindrical 
‘form, floorspace necessary ‘given ‘amount of ‘grate 
‘was excessive. While these‘boilers were:successful, sea-going 
ftien;"both deck’ and: engineers; are’ very ‘conservative, and it 
Was! Several ‘years! before the’ water-tabe ‘boiler succeeded in 
displacing the Scotch boiler in fiaval vessels,“and ‘it is ‘now 
struggling very hard'to take'the place of its: 
made ‘the first attempt’ to attain’ 
economy 'in propulsion'at ‘low ‘speeds by means of dividing ‘the 
total power on each propeller’ shaft into two units. "This was 
done: in the’ case ofthe York, now the 
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vessel. the first, of our armored, cruisers; of ;the, true type,’ 
and was; followed in, 1893, by the Brooklyn, haying a, similar, 
arrangement of engines; .There were four. vertical, inverted, 
three-cylinder, triple-expansion’ engines, two. to, each,,shaft, 
with a shifting coupling) between the; forward and after engines 
in order, that at low powers,.and speeds the forward, 
could be disconnected and only the after engines used, 

We again. find an increase in steam pressure and piston; speed 
over what. had been previously used, the former. haying. risen, 
to;.175. pounds, while. the, latter. had. 960 
total power had risen to 16,000) 

The arrangement,of machinery, while very: for 
peace) times, failed under the test .of war, as. it) was, not 
always possible, when the, emergency call. for high power and 
high speed, was heard, to. take the necessary time to, couple: up 
the dead, engines, .which. also. must. be kept ready , warmed. up 

The New York marked the senveelati of.anew, and, very 
successful, type: of | air pump; into, the Navy, and-a type which 
has continued until, the present day, . The legend.is,that the 
idea, for this type came, from. Passed Assistant, Engineer, Stacy 
Potts, U.S; Navy,;who was on duty inithe Bureauof Steam 
Engineering, at. the time. the plans of; machinery, for, the New 
York were, being laid down, The. idea, however,,was worked 
out, to: successful, completion by ithe,Blake |Pump. Company. 
These pumps, were; the first. of the double,..vertical, inverted, 
steam-cylinder, type, with a, rocking. beam,connection between 
the two, pumps forming unit... This, method, of; connection 
rendered the work being:.done. per.,double,stroke much more 
constant and, resulted in.a very, much smoother, running pump 
than: those used, inthe past. 
_ This. same year witnessed the entry of another new. auxiliary 
into Service, ONE | that, the 
to be an necessity i in solving of maintain- 
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ing ‘conténtmént’ in’ a ship's’ crew. This) ew aitxiliary was 


“refrigerating machine,””'The unit’ fitted was a small’ one; 


being’ what’ is the “‘Allen Dense'Air” tHachine’ of 
one ‘ton’ capacity. It was fitted'on board the Chicago, andthe 
results ‘obtained’ were | 80 satisfactory that its gradually 


increasing ‘eapacities’ was was’ contitiued’ until the field’ becamié’ so 


attractive that the CO, thdchitie trianufacturers ‘finally entered 
it? ‘Both’ types; “""Detise “Air” Vand’ “used 
on ‘Our latger vessels, ‘while “On vessels ‘of the destroyer type’ 
atid all Ottiet’ vessels of ‘very’ ‘refrigerating requirements; 
small SO,, ethyl chloride! and CO, 

changes ’of importarice, with one exception, occurred in 
machiriery ‘installations of our vessels until’ 1896, when a’ 
newcomer lin the marine’ boiler field’ was ittstalled‘on board the 
Chicago in’ place of cylindrical” boilers 
ofigitially: fitted: The’ original engines were taken’ out at the 
same time and were replaced by incliried: 
expansion engines. oft sot 

new artival-in ‘the boiler! was) the’ Babooek 
atid ‘Wilcox! boiler." As installed ii ithe’ Chicago)’ this’ boiler 
différed considerably ‘from the Babedck*dtid Wilcox boiler as 
we are familiar! with it today. ‘These otiginal*boilérs had the 
steam ‘drum ‘located at! the back of the ‘boilet at the top; the 
headers were sinuous, but! were artatiged’ vertically ‘with the 


tube faves’ stepped in ordet that the inelined tlibes would enter 


the tube sheéts’ perpendicular ‘to’ the “plate faces! the tubes 
inclined’ upward from ‘back:to front; and inorder maintain 
sufficient ‘distance’ between! tubes" ‘arid grates ‘at ‘the’ ‘back, the 
grates ‘Were heavily inclined downward "towards ‘the ‘back ‘of 
the boiler!’ sides ‘of the’ were! fotrhied by’ steel 
water boxes, square in séction. A’ feédUwater heater)’ built 
into'the boiler easing and’ located it the uptake ‘passage, ‘was 
also'fitted) There was fio bafflitig fitted atnong’ the’tubes, but 
later; table: ‘that is) baffling’ lying ‘on’ the’ tubes, ‘was 
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exception’ in the thatter ‘of improvements was the iritro- 
duction! of feedwater heaters. These werefirst called ‘for “iti 
the'machitiery: specifications of the Oregon class of battleships; 
but! were ‘fitted!’ “The first installation made’ was onthe 
Towa anid'was such that'it would! hot ‘be evencorisidered ‘today.’ 
The heaters Were ofthe single-pass type, that is, the’ water 
flowed’ through’ thé tubes in only.|’ The heating 
mediuift’ ‘was avixiliary exhaust steam. “The method of install: 


itig was'as’follows’: A’ pittiip fitted fot both’ fireand-bilge and 


for ‘atixiliary’ féed ‘puitposes had'a suction’ contiection to the 
feéd tank atid a discharge 'to the’auxiliary ‘feed line with 
a! “bratich’ t6'the feed heater?” The ‘water, ‘after being heated; 
passed back 'dgain atid mixed’ witly the unheated water ‘inthe 
main ‘feed tatik,’ from’ which the feed purnps' ‘took itheit 
suction. 

required! theoperating of two:pumps in placed of one'to 
héat the water arid 'to deliver it to the boilers): 98 
2: radfation’ losses Of heat’ were ittereased, 
It ‘possibility of high ‘feed ‘teniperatures 
being’ attainagey of) bas 
“bd, of’ he teed py that lis} 
both fire-and-bilge and! ‘feed!!should never’ be allowed) dite 
the ‘danger of Salting’ tip the’ boilers! through’ leaky valves: 
‘arratigemient of 'feed'heatér was not’adhered td’ for any 
letigth of! tine, ‘being’ 'the ‘following at? 
rangement? A hot-well pump’ ‘was installed 'betweett the! main 
feed tank and the feed heater, pumping the water’ ehyotgh the 
heater “directly! ‘to the main feed" puthp,:"and ‘théride' to the 
boilers,» ‘Mis arrangement ‘also was' objectionable ‘on! account 
of requiting! aw additional pump, ‘although it kept dows the 
strams ‘on the feed heater? 20! ed) bogies 
stil later ships the heater was’ installédin the main 
feed line between the! main ‘feed pump-ahd the boiler} ‘and this 
is its location ‘at the present thao 
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During this same, period, 1890. to.1896, were; built. the; two 
fast eruisers Columbia and |Minneapolis, noted.as, the, first 
vessels’ of ‘the .modern, Fleet; to. have, the. propelling. power, 
divided among three shafts... The, idea:of this,sub;division was 
to give greater, elasticity in,division of; power, for. cryising,.in 
order that greater, economy. at.these speeds could be, realized; 
thus, at low’ speeds, only the center, engine would, be, used, the 
two. wing screws, being uncoupled and allowed, to, turn, idly. 
For middle, speeds the two; wing engines would be used, the 
eenten screw. turning idly, while, of, course, 'for, full.power all 
engines would ,be in,use,|, These, vessels made,, considerably. 
over.22 knots on; trial,and marked.a.decided increase. in. this 
respect over any. large), vessels,, we, had previously ; built. 
Whether, the, expected; were, realized.is.a matter, of 
question. 
In 1894, among, (other: ,vessels appropriated, . for, was: ithe 
gunboat Nashville, ‘The. machinery. designed) for, this; vessel 
marked an attempt, at improvement, which, was.doomed, not: to 
be repeated. | Theengines, were; vertical, inverted, quadruple- 
expansion,:so fitted that the low-pressure engine: could be dis- 
connected and the remaining three cylinders used.as 1% triple- 
expansion, engine, at low. powers,,, The,,steam pressure was 
increased to 250 pounds. changing; type feature, like.all 
such arrangements, might, just as; well have been omitted, it 
was seldom, if jever,,used, and,.in, 190%, when. the, ship; was 
reboilered, the independent,exhausts,from ithe two, I,P. ¢ylin: 
ders to,the condenser, were eliminated jand engines made 
fixed. quadruples. best ot best 
Until 1896 all large engines of the vertical type;in the Naval 
Service had been, built jeither with cast-or built-up plate columns 
front and back or with; this type, of, colamm at; thei back, and 
forged columns at the front of the engine: |In,1896 five hattle- 
ships were appropriated for,,,.Qn two these, the, \Kearsatge 
and Kentucky,| were,installed engines. which were the, firstto 
_ be built having all columns of, the engine, framing. forged. and 
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turned, with cross-tie bracing between, ‘iristead: of following 
previous practice as above outlined.:: This new style:of fram- 
ing! had: previously’ been” used. ‘for! smaitsengines ‘up’ and 
including: those gunboats) «The: furtherdevelopment: to 
- battleship size was made by Passed Assistant: Engineer (now 
Rear Admiral) F. H. Bailey, U. S. N., and although severely 
criticised by many engineers at the time on thé ground of prob- 
able lack of rigidity, has been found so satisfactory that it has 
been. adhered to for all later construction, the engines of the 
New York and Texas. each engine of 14,000 designed | 1. H. P., 
being the largest built. 
_ The Kearsarge and Kentucky are of interest i in. other than 
engineering matters as, so far as. battery atrangement is con- 
cerned, they v were the forerunners of our present’ Dreadnaughts. 
While their main battery was of mixed caliber of gun, 12 


12-inch ones. Previous Labtedllba had had the smaller caliber 
guns of the main battery carried in turrets: located at the sides 
of the ships, ‘usually at the corners of the central citadel in 
which were catried the guns forming the ‘Sec 

The five vessels ogether™ are Of intetest as ‘they matk the 
definite period i in the Naval Service when the use of: Scotch 
boilers for, Production of steam for high-powered units was 
abandoned. “No ‘fighting ‘ships subsequent to these’ five had 
any other than watef-tube boilers. “The policy as to type ‘of 
water-tube boiler to be used for the different: types of vessels _ 
vacillated considerably for a time, ‘but has finally settled down 
toa few well tried and satisfactory oes, 


APPEARANCE oF THE SUBMARINE. 

1806: the: ‘Navy Department, for the first 
Civil: War; ‘began to take an interest im the submarine boat. 
An inventor, Mr. John P, Holland, ‘liad’ been’ experimenting 


for several years previous to’ this time! with: the problems of the 
“18 
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submarine, and had: formeda company known as the “ John 
P. Holland Submarine’ Boat Company,” for their construction. 
The Navy Department, in 1895, entered:into contract with this 
Company for the-construction of. one submarine. 
the following: ‘characteristics: 


the section being circular, 


The speed on the surface ‘was to be 15 knots, 
knots, and 8 knots for six hours, continuous. 
ning. 


steam engines, of which. there were three, the two. wing 
engines driving. the wing screws being of 600 L HP. each, 
while the center engine, driving the middle : screw and also to 
drive the dynamo for charging the storage batteries, was of 300 
1.H.P. All engines were of the vertical, inverted, three-cylin- 
der, triple-expansion. type. 

. The submerged propulsion. was ‘provided by ‘electric motor 
deriving its.current from the storage batteries, 

“The steam was provided by one Mosher water-tube_ boiler 
having 3,000 square feet of heating surface. _ 

_ Among other Tequirements, the Navy Department specified 
as follows; - 

1. Sufficient structitral strength, ao a, reasonable factor of 
safety, i in order to withstand suai pressure. at a Ste 
immersion of feet. 


3. Automatic arrangements for F preventing submergence be- 
yond a predetermined depth. 

Automatic compensation: : or, ammunition con- 
sumed, and indeperident mechanism for quickly correcting any 
vatiations.in trim due,to shifting of weights. or other, causes. 

Efficient:mechanical.means for steering. a fixed course: 


Qe - 


&§ The surface propelling was to be accomplished by means of ; 
= | 
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» 6. Ample provision for the supply of fresh air to the crew— 
this to be accomplished. ‘or’ means air 
under pressure:in tanks, 

7. Efficient apparatus, air orair’ pres- 
sure, for: checking: to: rise 
rapidly to the surface: 

8. Ability to maintain an 
a definite depth without undue of 
power.) oft | 

Provision for escape of ‘crew in thew event of serious 
age to hull or derangement of machinery) 

‘This child: of our dreams’.was»still-born. 
was not yet due to arrive nor did it arrive until the gasoline 
engine .of sufficient power for: propelling was 
fected,.an event which:occurred years’ 


THE SPANISH WAR. 

Before any further progress was madé’in engineering in the 
Navy that, Service. was to short strenuous 
ordeal of; the war with Spain. . a 

While the engineering material “Of the time. ‘Good. well 
under the strain of practically continuous, operation. under { the 
necessity.of each unit being self-supporting, yet the _War 


construction, faults. not oly jn machinery but also j in types. of 
vessels. 

1. For instance, the building of such types of ‘yuu -as the 
dynamite cruiser, Vesuvius. and the. armored. ram Katahdin was 
shown to be a useless waste of money, these two vessels. demon- 
strating that, they had no military.’ value whatsoever. 

2. The value of the monitor as a sea-going fighting craft 
was exploded, These. vessels while of value for fighting pur- 

poses in smooth, still water of harbors, roll so quickly, in a sea 
way, that. it is practically impossible to keep their. guns bearing 
on any given target, while, due to. their, low free board, they 
are particularly hard on the crews which may be unlucky 
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enough to’be detailed to man them... In addition, vessels of the 
monitor :type must be limited in speed,' because to. attempt to 
drive them at high speed would practically _— — 
marines so far as their crews were concerned; aittel 

_ This exposure, by actual.sea service war. ofthe 
monitor fallacy, was a blessing to the true friends of the Navy; 
as, up to that time, the advocates of the battleship had been 
forced to fight with vigor to retain battleship provisions ‘in the 
naval bills. ‘The advocates of the monitor were always at- 
tempting to replace the battleships by monitors on accotnt’ of 
the much less cost of the-Jatter type. They never could forget 
that the original little! turreted Monitor had more than held 
her own against the make-shift casemated ship Virginia, ordi- 
narily known by her original: name asthe Merrimac,.a vessel 
having such faulty machinery and: of such’ small. power that 
she could hardly get out of her own way. 


_ FAULTS IN MACHINERY DEVELOPED BY THE SPANISH WAR. 


"As stated, the war demonstrated the existence of some faults 

in our machinery ‘glaring’ ‘of 

which may be méntioned— ~ 

1. The use of Scotch boilers of war ts ‘iki boilers of 
types which will permit of rapid raising of steam rom dead 
boilers and high degree of forcing are at hand! 

2. The absolute necessity of large evaporating si distilling 
plants to insure an ample supply of fresh water. 

3. The desirability of large refrigerating and cold-storage 
capacity on board fighting ships in ‘order to o preserve the health 
4. The fallacy of providing such atrangements of power 
units as existed on the New York and Brooklyn. 

Faults and 2 were of serious’ consequences. to one'of our 
battleships, 1, 2 and 4 to one of our armored cruisers, and fault 
4'to the other armored cruiser at’ the battle’ of Santiago when 

Squadron," 
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° ‘Due 'to the lack of sufficient evaporating and distilling plants 
on'our large’ vessels it had become necessary duririg the war to 
make ‘direct ‘cohnections between’ thé’ auxiliary’ steam! mains 
and the mdin-and auxiliary the vessels in'order 
that live steam could be taken fromthe boilers*and' condensed 
by these'condensers, making up the boiler water thus used, by 
salt' feed taken directly “from the sea. This ‘prostitution of'the 
main’ boilers: résulted the ‘formation of heavy scaléelon ‘the 
water’ sides'of their heatirig' surfaces and necessitated’ frequent 
emptyings’ ‘and openings ‘of the boilers ‘in as much of 
this Scale as*possible might be removed) 

When/on July 3; 1898; the ‘Spanish ships San- 
tiago ‘harbor, ‘the ‘battleship ‘in question \\was ‘lying ‘with ‘low 
fires under about one-half’ of her‘boilers, the other boilers being 
cold'and of them being opened up for'a necessary. scaling: 
The first armored cruiser was in just as evil a plight; so’ fat 
as her boilers were’ concerned, but she was still further handi- 
capped by having the forward engine on each'side disconnected 
fromthe:shaft. Thesecond armored cruiser: had proceeded 
séveral'miles'to’ the eastward of Santiago harbor, having fires 
in good condition under half her boilers while the other: boilers 
were cold) She: forward we 

vessels, the battles 
ship and first armored cruiser! dashed ‘for'them with what speed 
they could: command; the ' Engineers’: forces: tumbling to: their 
stations, ‘starting forced-draft ‘blowers, closing firerooms, clos- 
ing up and*filling’ boilers, laying: and startitg' fires: The case 
was' too trgent; however, ‘for the armored ‘cruiser to permit of 
her’: for: sufficient’ ‘time "to ‘couple: up" her’ 

Dhe'pate was too rapid: foe the’ battleship.’ she tould 
even build up the: fires she had" going’ her'speed had fallen to 
about-seven knots, she had hopelessly dropped behind ‘and’ was 
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_ The first armored cruiser was apparently in somewhat better 
condition. Her fires..were evidently in better shape and an- 
swered more readily to the: forced-draft call... Having one-half 
of her engines and one-half of her-boilers in use the balance 
between engines: and: boilers was satisfactory. She held her 
position in the chase and added on;:boiler after boiler as. soon 
as they equalized theit steam pressures with that in; the, main 
steam lines It.was all,to:no. purpose, however, as: the boilers 
originally. in. use giving all the, steam the active: engines 
could take. | The result was'that this magnificent cruiser of 22 
knots, under normal conditions, found herself humiliated. by 
being strained to the utmost to hold herself up even in the chase 
with the battleship Oregon, whose trial speed had been approxi- 

mately 15 knots, but whose speed on. this day, due to loading of 
the ship, foulness of and — 
14: knots; 

The of the cruiser with 
the absence of the Massachusetts, which vessel was at Guan- . 
tanamo Bay coaling, had.so weakened. our blockading line that 
the Spanish Admiral was unable to resist the temptation to try 
his long contemplated: dash for Havana and: the destruction of 
our weak blockading force on the north coast of Cuba. 

Immediately the second armored cruiser discovered the van 
of the Spanish ships coming out she swung around and, headed 
for the. westward. Realizing that she was severely. handi- 
capped ‘by het initial distance from the ‘scene of operations and 
that she would need every atom of speed at her:command to | 
put her into the fight as soon as possible, and remembering the 
old adage that.“ astern chase 4$\a:long one,” she stopped. after 
turning; coupled: up her forward engines; losing valuable-min- 
utes in the operation, lighted fires under her dead boilersiand , 
headed for-the ‘scene action with what speed:she had avail- - 
able. As steam formed and rose to an equality with, that. in 
the main steam lines, boiler after boiler was cut:in, the engine 
throttles being still further opened to take advantage of the 
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increased steam supply: ‘The! speed increased with every addi- 
tional boiler added until at the time the last Spanish ship hauled 
down her flag and headed: for the beach, this»cruiser had:risen 
every evidence of still improving. _ . 

Had the Colon done that which it was in her to do this 
second armored ‘cruiser would” have ‘been’ the only. obstacle 
betweeri’her and the’ destruction of our northern’ blockading 
squadron, ‘ds she outgunned and outspeeded every ship we' had 
in that ‘squadron with the exception’ of the’ monitors, me those 
she could easily have avoided! 

Satisfactory boilers for use on ships must 
the following’ characteristics : 
Maximum power on minimum weight: 
"Maximum power on minimum floor space 
Ability to stand high ‘forcing’ 

Assured positive circulation’ of contained water. 

Sufficient contained water to of ‘short of 
feed supply. 

‘Sufficient steam space to inure priming, 

Ease of repairs, 

8. Easily cleaned on both a atid’ water sides, 

Renewal or installation of tinits without dismantling a atid 
opening up of vessel. 

10. ‘Sufficient’ elasticity i in’ form to permit of | ‘raising steam 
from cold water in a short time without producing ‘leaks. 

‘11. Such form as will reduce ‘danger to vessel from broach- 
ing of a boiler under steam, to a ‘minimum, 129408, 

To any one familiar with the Scotch boiler it wil be at once : 
apparent that this type does not meet ‘the’ above requirements 

_ except in two points, those numberéd 5’and 6; and in those the 
type provides very much in excess Over what i is actually neces- 


phy 


measures up to réquirément, so thiat when’ judg- 
thent was finally held’6n the two types, it'was @ foregone con- : 
that the Scotch boiler Would 'be the 
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- Such:was the case: immediately ‘subsequent tothe Spanish 
War, andi the Scotch boiler disappeared: from. all..our construc- 
tion:with the exception of auxiliary: vessels, and:in the past .few 
years it has:even disappeared from these. joi 


_ ADOPTION OF WATER-TUBE, “BOILERS ‘sities 


Shortly, after, the, beginning ef. the, Spanish, War, Congress 
passed a, bill appropriating, for, the construction. of three battle- 
ships, the plans and for, which were,prepared by 
of the which plans gubenitted toand | approved 
by, the, Navy, Department, 10}. st ated 

These vessels were the Ma aine, “Mi issourt and , Ohio, the, first 
named being designed. and, built. by Cramps. Ship, and Engine 
Building Company, the, second; by. the Newport, ‘News, Ship- 
building and Dry, Dock Company, and the third. by, the Union 
Tron Works, ,, All. three, were, fitted . with ; water: -tube. boilers, 
those, of the Maine being, of, the Niclausse, type,,whicb were 
authorized notwithstanding vigorous protests made by. the then 
Engineer-in;Chief of the Navy, the late. Rear, Admiral. George 
W. Melville, while those of the Missouri and Ohio were-of the 
Thornycroft type with, tube. steam ,ends of the outer. half, of 
each nest. of tubes leading into the. steam drum, well,above the 
water level. The forced draft on the M aime was | of the, closed 
stoke-hold arrangement, while. that,-used ‘on. the other two, ves- 
sels was. the Howden, Hot-Air, System, the, fans taking their 
supply from: the stoke-holds and, discharging it through heater 


boxes located in the uptakes, to the ash pits of the boilers. 


‘The. boilers , with, other fireroom. arrangements, on the 


Missouri and Ohio, were, very and: ate. as 


tory. today as when given their first trials, 

_ the Maine’ $ history i is another story. . Her boilers were am 
and, oilers of a, fried, type installed i in. their ‘place, Jn, fact 
every, Niclausse boiler originally installed in, the ships of our 


Navy has bees, this tried type, boiler. installed, 
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sttuctural, feature in. the! Maine’s ‘boilers: which. ten- 
dered them: so; was: the-design of 
the front: headers... These were and .of 
toi accommodate the necessary voluine of down 
coming ‘cufrent:of:iwater and ap rising circulation: current: of 
watet, and ‘steam:having such slow velocity:of flow.as existsin 
type: »The result of: this re- 
asid:bursting of: generating. tubes ‘which, ‘of! course, :inoturn 
affected morale of the engineer's, force and thé-generab effi- 
ciency::of :the later vessels: fitted -with this: of 
boiler;:of which there, wete:' two, battleships, two! armored 
crinisers, and; one, monitor) the! design ofthe! headers: .was:al- 
tered to: provide freer ¢ireulation and the material was changed 
to forged steel: These: boilers..were (much: more: satisfactory 
thas the ‘Maine's; but aliof; the: Niclausse type: ate: unsatis+ 
factory under forced-draft conditions on ‘account of the: ineffi- 
cient baffling, which, reduces their economy. under such’ coridi- 
tions. .Boilers of the, Niclausse:type and:ail types of-boilers 
using what.is known as ‘the:Field tube, have:departed. from:our 
Service! and it.is: doubtfub-whether we, shalt ever 

‘these 'vessels each represented'a 
particular type of, the vertical, inverted, ‘triple-expansion erigine 
as(it had -existed/im ‘the Service up to arid ‘including that) time: 
The ‘engines of ,one).of the:ivessels;so ifar as: 
ment of cylinders wasiconcerned, was ainew comers: 

engines of the Maine, were three-cylinder with 
the high-pressure cylinder forward;'then: the :I:P.-and farthest 
aft the, L.P.,: with the: sequence: ef: cranks :aecofdirig this 
same orderi: The back columns ofthe engine were iriverted:Y, 
cast-steel,;columns: with tutned :forged fronti columns. . 
the: valves -were ‘single-ported: piston type. betreq-sly 
~ ‘Phe engines :of artangement :of 
vertical, 
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built up to that date, the number being very small’ The engines 
were four-cylinder, vertical, inverted; triple-expansion ‘with the 
cylinder forward, then the-I.P. followed: by: the forward 
L.P.. and»that in: turn by: the after H:P. and LP. 
cranks were opposite .each’ other ‘while: the two were 
opposite each other and at degrees ‘tothe HiP. and» LP. 
The framing ‘was of a type’ similarto that of ‘the Maine's 
engines. The H.P. valve was of the single-ported piston type, 
while those of the I.P..and cylinders were of the*double- 
ported flat: slide-valve type with balance rings on'the backs.’ 
\ Both types of engines are defective in one particular, and that 
is the ‘balance, the Ohio type being worse inthis particular 
than that of the Maine: With the Ohio'type' we have really the 
equivalent of two-crank engine! with cranks at’ right 
angles and: very ‘unequally loaded; unequally loaded, that is; 
when the division of power among thé four: cylinders. en 
is sought with a triple-expansion engine. 
With the Missouri arrived a type of engine’ 
as-general arrangement, was’to endure with us until the recip- 
rocating engine; aS it had'reached its'maximum attained 
efficiency; was forced from the field of usefulness by abnormal 
increases in power required per unit, and by the ‘superior com: 
— efficiencies‘of propellers and engines of other types. 
The engines of the Missouri: were ‘designed by: Chief: ‘Bigs 
neer C: F. Bailey, :of'the Newport News Shipbuilding and Dry 
Dock Company, and were'-of: the ‘four-cylinder, ‘vertical, in- 
verted, triple-expansion type,. as ‘were those of the Ohio, ‘but 
the cylinder arrangement: of the Missouri was ‘as’ follows: 
Beginning forward the order'was forward and 
afteroL.P.,'the:cranks being arranged at 90 degrees, with the 
opposite each ‘other, and the and 
after L.P. opposite:each other.» The valves were all of 'the 
single-ported piston type, operated: by Stephenson valve: gear: 
The framing ‘was similar: in:constructionto that ‘ofthe Kear- 
sargeand Kentucky; being formed: of turned’ forged-steelcol- 
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umns, front andvback, tied tdgether by ‘the necessary steel tie 
rods, and with the crosshead’ guides carried on’ 
securely to the back 


hae | THE DISAPPEARANCE. OF SAIL 1, POWER. 


With ‘the passing of ‘the Spanish’ War ‘the 
fitting of sail power'to atiy of our fighting ships with ws pita 
tion of slow-speed and low-poweted gunboats)’ 19 / 

the’ passing “of sail power passed! away crews’ the 
character with which we older men had long been familiar, 
No more on’ our decks’ was seen the hoary headed “old shell 
back.” The lusty topmen anid’ agile light-yardman ‘had’ dis- 
appeared, their places being usurped by the competent’ turret 
captaitt, the keen eyed, alert, gun pdinter- and sight setter, the 
machinist, water. tender,..fireman, and. his satellite the coal 
passer. ‘The “ Black gang” had come’ifito its own. The old 
Engineer Corps disappeared, ‘being: absorbed into’ the’ Line. 
‘The central'sprifig of ship life was the boilers, her life blood 
was steam, Every.officer and man.on board became. more or 
Jess an engineer, the very nature of practically every, 
pelling them todo. so whether they wished it or not... 

From.the end.of the, Spanish. War until the present day, the 
advaseniit Marine Engineering has, been phenomenal... At the 
first the changes were; few, consisting. mainly of.a gradual. i in- 
crease in; power for Capital Ships, from the 15,000 I.H.P. of 
the last.three vessels mentioned up, to 19,000 1H.P. for the 
next class,.the, Georgia, and sisters,,and still higher, to 25 000 
1H.P,, in the cases, ofthe armored cruisers, ._In same 
period, between 1899, and;1905, the boiler pressures. increased 
to 295. pounds, and the. piston speeds rose to. 960, feet per min- 
ute for Jargeengines, to 1,000; fest for, boats, and to 
the two latter classes of, 18 ‘small, torpedo boats 
had. been built up to and.during. the war, but had been. of no 
special: value during that period, except the use made of the 


282 


‘RETROSPECT OF NAVAL \MARINE ENGINEERING, 


larger ones:as:despatch. boats:.. During the war appropriation 
was made for: 
larger size and power. ot 
Some of the earlier boats had been cm igubteketul, so her 
as results in Speed and machinéry were coiicérned, and these 
were the:vessels built by the: Bath Iron 
ful-superyision and fromthe designs, prepared by|Mr: Charles 
P. Wetherbee, then, as now, Chief Kagineer of, that. 
also ithe vessels. built, by, the 
same. appropriation, bill, a 16 
Destroyers; the: ‘thie: type of. be,jauthorized 


characterise ofthe vessels: follows.:, 


_ tons..,, OD y 


Torpedo boats 165340... 3000-75200. 
Destroyers.) 840-248. ;,,.98-29 


of “all ‘were ‘of ‘thtee-cylinder,’ ‘vertical; 
inverted; ‘triple-expansion' type with attached air puitips worked 
directly fromthe main engines in the cases of all thé destroyers 
and some of’ the torpedo Boats ‘while in'others ‘Of ‘the ‘torpédo 
boat's they were’ driven’ ftorn the ‘tnaiti Shafts!" 

Actording to the standards of the ‘period; sothe'of' these ves- 
sels Were rated as’ very Successful, but alf of them! had;’to'a 
greater of less degree, all of'the troubles which’ are inhérent iti 
high-speed reciprocating” engines “of ‘such light cérstréction ‘as 
‘the’ machinery of ‘these types" Of vessels If any of 
then came through fourhour ‘full-speed triaP withoub 
thing of greater importance than ‘the’ complete breaking down 

of a’ forced-draft blower ‘engine it was’ ‘matter 
| deserving of the greatest commendation: “Such 
trials were very’ few and far between.” owe 

hose were the’ days before’ boilers’ ‘of 
fad settled’ itito 4! few’ generally accepted’ Standard’ types; 
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and when every engineer was anxious to design his own boiler. 
As a:result: these vessels were equipped with» several: different 
types, such asthe dld:style ‘Thornycroft, cornmonly known:at: 
_ that'time;as ‘the-“ Daring,” the Normand, a mushroom: variety’ 
of Mosher; 'the: Seabury: and the Fore: River: Of these boilers: 
we: find, in.commonuse today ‘as Standards, only: two, the 
Normand and the: Thornycroft, 
latter ‘boiler ‘differs ‘widely. from that of 1900, 

dew of>the torpedo boats: and quite. 
_ the day ‘of: the:fast! running; lightly constructed, reciprocating 
engine as: a main propelling’ unit for; high-speed: vessels» has 
departed, never to return, either in the form of steam engines 
or internal-combustion engines. The steam turbine and the 
turbine with reduction gear have preempted this duty where 
of arty’ great magnitude is’ required. 


‘MODEL, TAN K AND ITs EFFECT oN. PROPULSIVE, POWER. 


Model ‘Fank ‘located at the Navy Yard; Washington, 
had. been: lately completed; and experiments on the: models of 
hulls: and: theseffect: of ‘varying lines! of these hulls/on their 
resistance to motion through the water were being carried jout 
by Naval:Constructor, now Chief: Constructor, David: W. Tay- 
lor, U. ‘experiments did: not. begin. ‘to! bear. 
fruit until the model of the Connecticut class of:vessels: was 
developed, when; with a hull of slightly 1,000. tons greater’ dis- 
placement than those of the vessels immediately preceding, the 
powers to-drive at:18 knots were practically equal, while with 
the succeeding’ class of vessels of equal displacement: with. the 
reduced: 

on the augment of resistance due ‘to: fitting: the, apperidages, 
such: as bilge keels, docking:keels, propeller struts,-ete., to the 
hull It ‘had! been: generally: held that: this augment was) very 
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small, and in estimating power the usual rule; where Model. 
Tank curves of resistance for the bare hull-were given, was to 
multiply the bare hull tow-rope or ‘effective! horsepower ‘by two 

to obtain the I:H.P. ‘The result of this neglect of. 
resistahce-was ‘to have many a good propeller’ condemned ‘for: 
inefficiency on account of its showing when compared with the 
bare-hull resistance, when in fact ‘its efficiency has been very 
high as would be shown were the augment of resistance due to 
hull lines and location of propellers:in regard to these lines and: 
the augment’ of resistance: due: to the appendages ‘taken into 
consideration. Another ‘result. was that: the \propulsive  effi- 
than, its actual value. of 


tHE, FIRST ‘MODIFICATION OF THE BABCOCK AND witcox BOILER, 


‘The Babcock and Wilcox. Company after, watching the. per- 
formance of their new marine type of boiler in the Chicago, 
had devoted themselves to the task of correcting the existing 
faults by modifying the design, and in a short-time developed 
a boiler which, as'it was first used in the:old sloop of war Alert, 
where it'replaced the-original Scotch boilers, was given the 
name “:Alert:type.” ‘This boiler, with only: one:minor:modi- 
fication, was the type with which we are the most familiar, as 
it won and held its place in our heavier vessels until :the:coming 
of oil fuel: change i in be 
described later. © do, fabomtieds tint 

This new: boiler had the steam drum: the; upper 
front: angle with the front and back headers inclined down and 
back at an angle of 15 degrees to the vertical. . The tubes be- 
tween headers were inclined upward towards the back of the 
boilers at an angle of 15 degreesto the horizontal.’ headers 
were sinuous, as before, but the front and back header. faces 
_ were parallel to each other, the tubes entering the header plates 
normal to the surfaces and being expanded into them without 
belling of the ends. Belling was required in later spécifications 
in order to:prevent tubes withdrawing fromthe! header plates 
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under stress due to possible deflection. . The furnace sides were 
provided..with steel: boxes of square section providing -water 
walls and, reducing radiation losses; also.:making: them much 
durable under .coal-firing conditions... The lower:row of 
tubes:directly. the fire. were of diameter ‘and: car- 
ried.on, them; for about two-thirds of: their length,.from: the 
front towards. the back, a table baffle of fire tile making :a:gas- 
tight roof! for this part of: the furnace.’ The other baffling 
crossed the tubes andicaused the gases to pass out of the fur- 
nace at the back and directed them across the tubes in‘ three 
passes before passing out of the boiler into the uptake. The 
“upper row of tubes ‘carrying watér and steam from the ‘upper 
etids: ‘of the ‘back headets to’the drum, and thus’ ‘completing 
the circulation chain; were’ also 4-inch diameter, and also cat- 
ried a gas-tight baffle extending from the back to within about 


¢ oF NEW ‘TPE OF BABCOCK AND WILCOX BOILER. 


This boiler was eminently for, naval. uses for-it 
2.All;parts accessible. for leaning 
repaired. 
Ideal:furnace; conditions, for ficient combustion. 
Very effitient baffling: $ ft 
%. Comparatively slow fling off in. at t moderately 
high rates of forcing. of vino 
9. Any tube can be renewed without of 
._It has the following disadvantages : 
Slightly’ unequal expansion between top ‘and bottom of 
nest. 
‘Possible tendency ‘for circulation’ lower to 
be broken tinder’ high’ forced-draft conditions) 
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Largeconsumption of hand-hole gaskets, 

The first and second of these disadvantages did not mate- 
rialize to‘any noticeable: extent under ‘temperature conditions 
existing while coal was the fuel used by the Navy, and when‘oil 
became the fuel:a still further change’in the boiler was made in 
order to ‘guard:against the second: The third disadvantage is 
inherent with the boiler and ‘cannot ‘be entirely: obviated: but 
can be much reduced by use of graphite on the header oe 


_DOUBLE-EFFECT EVAPORATORS. 


this. ‘same, period. the. double-effect. ‘aystern 
ating evaporators was installed on somejof our vessels. In this 
system live steam js,used:as the heating medium in the coils of 
the evaporators of first’ effect and the steam generated by, it in 
the shell of this. evaporator .is taken over into the coils of the 
evaporators of second effect, the drainage and uncondensed 
steam from these latter coils passing to the distilling con- 
densers together with the steam seat in sey shells of the 
evaporators of ‘second effect.’ 

economy than when operating in single effect; but this increase 
in economy is accompanied by a large decrease in capacity. 

The evaporators of the period being all small forthe de- 
* mands made'upon them, the reduction in capacity ‘entailed’ by 
working them in double effect produced ‘stich shortage in. the 
water supplies of the ships that the syster was seldom used 
and soon fost favor, 'so that it disappeared from<our ‘vessels 
only to reappear several years later when’ the ‘axiom: that — 
contentment of ‘crews was: more 


THE APPEARANCE, OF THE, STEAM 
"MARINE PROPULSION. 
fy 


_ "Phe manufacture. of, the: compound :steam turbine, was. 
fitst called, was begun in 1885,’ but. its, development was not 
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sufficiently great until’1894 to justify. the expense of an experi- 
ment with it in the field of marine propulsion. In that year a 
syndicate was formed for this purpose and the experiment was 
inaugurated. After many delays and difficulties, not the least 
of which was the propeller phenomenon of “ cavitation,” a 
single-screw turbine engined vessel: of .small size, the turbine 
of the radial type of steam flow, was produced. ‘The results 
obtained were unsatisfactory, so: this installation of machinery 
was removed, and “replaced by three separate compound tur- 
bines, directly coupled to three screw shafts, working in series. 
on the steam, the turbines being the high-pressure, intermediate 
and low-pressure; and designed for a complete expansion of 
steam of 100-fold.” . “The thrust of the propellers is 

balanced by steam pressure in the motors”: last :state- 
ment indicates that in these new turbines the flow had become 
axial and that the turbines the with 
-we are familiar today... 

. Both the original and: the new ineadilabladnie were designed to 

produce 1,500 S:H.P. at 2,500 revolutions per: minute: 
Mr. Parsons, the inventor of the turbine, prepared an ieiticke 
on “ The Application of the: Compound Steam ‘Turbiné to: the 
Purpose: of :Marine Propulsion,” which was read before the 
British “ Institution of Naval Architects” in 1897, and during 
the discussion of this paper the author ‘stated: “ Down to 15 
knots screws should be driven direct ; below that gearing would 
have to be used, and then the turbine: would be applicable to all 
classes of »ships.-. He looked with. distrust on gearing; the 
small gearing might:be made to work, but the 
large geared wheels -was:a questionable device.” 

The Turbinia. made her initial bow to the public 
in 1897,-whén she steamed! down the line of British: fighting 
vessels anchored at Spithead for the Queen’s. 
‘running, at 4 speed stated to be: 3414 knots.» 

The: showing: of the ‘Turbinia was so the 
British: Admiralty. shortly contracted: for the construction: of 
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one destroyer, the Viper, fitted with turbine machinery, soon 
following it up with an order for the Cobra. The’ Parsons 
reaction turbine, as it became known, had come to stay asa 
marine propelling engine. In a short time the Admiralty. had 
authorized its installation in a small cruiser, and in about 1905, 
laid down a battleship, the Dreadnought, with this same type 
of machinery.’ This latter vessel was far from being a success, 
as, in addition to having no cruising elements'to give economy 
at low speeds, propeller troubles were experienced, due; prob- 
ably, to too little clearance between the. of. 
blades and: the hull. ; 

In 1908, a possible: rival of rig in 
pan country in the shape of an entirely new 'type of impulse 
turbine denominated as: a’ “ velocity compounded’. turbine. 

This turbine, having four stages, was installed in a yacht named 
_ the Revolution and, in 1903, its operation was witnessed by a 

board of Naval Engineers ‘who reported favorably ‘upon its 
‘performance and recommended it for use in the Naval Service. 
This turbine today is known as the marine-type Curtis turbine. 
. Coincident with the arrival of the turbine in the marine field 
arose the demand for improved vacuum-producing appa- 
_-ratuses, on account of the high vacuums which were necessary 
in order to realize the full benefits of the new type of engines. 
The first arrivals in the field were the dry-air pump and the 
Parsons augmentor, both of these working in conjunction with 
the ordinary wet-air pump. Then appeared the Weir Dual 
‘pump, a combination of wet and dry pumps.- The next were 
air pumps of the rotary type, water sealed, working in con- — 
junction with a small, rotary condensate pump. This appa- 
_ -fatus as first installed was water sealed by the use'of salt water 
taken from the sea and discharged’ overboard. ‘The’salt water 
carried away with it sucha large amount of fresh water en- 
trained as vapor in the air drawn from the condenser that a 
modification was necessary. This. style of vacuum pump as 
installed today, uses: fresh water as the sealing medium, this 
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fresh water operating in a closed circuit, passing through a 
tubular cooler after leaving the pump, the cooling being effected 


: by means of salt water on the opposite side of the tubes. This 


type of pump is illustrated by the Leblanc pump. Later ap- 
peared Morison’s Kinetic air pump, and, still later, the air 
ejector with rotary condensate pump. The latest comers in 


_ the field are ‘the air ejectors using either high-pressure or 


- auxiliary-exhaust steam, working in conjunction with the or- 


dinary wet-air pump. The systems using the air ejectors in 
any of these combinations seems destined to drive the dry-air 


= pumps and the augmentors completely from the field. 


Variations in. the forms of condensers also occurred, the 
prime object in these, changes. being to obtain the maximum 
condensing effect on the minimum of condensing surface and 
weight. Examples of these improved designs are the Morison 
“Contraflow,” and .Weir “Uniflow,” and the Lovekin con- 


-_ denser which was. designed by Mr. Luther D. Lovekin, late 


Chief Engineer.of the New York Shipbuilding Company, and _ 


_ which is being installed in some of our new construction. 


ADOPTION OF THE STEAM TURBINE IN OUR NAVAL SERVICE. 


In, 1905, reports received. from abroad giving such glowing 
of performances of turbine-propelled vessels and 
of the advantages of this type of machinery over the old 
thoroughly tried out reciprocating type, the Navy Department 


‘determined to. find: out, for itself, by experiment, the relative 


advantages .and ; disadvantages of the two classes. In pur- . 
suance of this object three Scouts were authorized, one of © 
them to have twin screws and reciprocating engines, one to — 
have twin screws and Curtis turbines, and one to are: tae 
screws and Parsons ‘turbines. 


‘When completed, these vessels were sot ‘iroogh a series of 


trials in competition with each other in order to distinctly matk 


out their points of relative superiority and inferiority. : 
The relative results of these trials were'as follows: 
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- 1. Economy of propulsion: At ‘speeds wp to 20 knots the 
reciprocating-engine ship was superior to the! vessel with Par- 
sons turbines, and up to 21 knots was ‘More ¢ economical ree 
the vessel with Curtis turbines. 

2. Overload capacity of engines: The Parsons 
ceeded moderately the Curtis turbines in this respect ans very a 
much exceeded the reciprocating engines. — 

3. Reliability on trials: Both types of turbines to the lead 

over the light, high-speed reciprocating engine in this respect, 
the piston speed of the latter being 1,200 feet per minute. 

The steam pressures, designed, were 250 pounds for the 
Parsons and 275 pounds for the Curtis turbines, with 275 
‘pounds in the boilers of the 
superheaters-were fitted. 

In actual service‘over long periods of time the answer to > the 
question of reliability was’ reversed, the reciprocating engine, — 
both for reliability and ease of repair, carrying off the prize, — 
followed by the Parsons turbine and that, in turn, by the Curtis. 

The Curtis turbine at this time was seriously handicapped by 
not having gone through the development and actual service 
experiences of its older rival, and it would have been miracu- 
lous should it so early in its career have beaten this thoroughly 
developed machine. For-instance, one of the haridicaps under 
which it labored was a mistaken idea as to the effect of steam 
in creating thrust in its passage through the turbine. The | 
theory of’ the turbine being that all drops in steam pressure © 
occurring in the nozzles, the pressure throughout the velocity 
stages remained constant and therefore no thrust due to 
differences in pressure could exist. Even if this. were true 
there still remained the axial component due to’ changing the 
direction of flow of the steam as it passed through the turbine 
rotor blades. Whatever the cause, steam thrust ‘did exist to 
an appreciable degree and its effects were serious in the port 
turbine where the direction of flow of the steam and the direc- 
tion of thrust of the propeller coincided. In the starboard — 
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turbine steam flow ‘and ‘propeller. were 
no.trouble was ‘experienced from this cause. 

‘The Curtis turbines. used. in this case were all of the setioeli 
stage type with stages few in number. The next installation. 
of this type of turbine occurred, in a battleship, and with this 
second installation, the drumi type! of construction, with which. 
_ the-Parsons turbine had made us familiar, appeared for the 
first, time.- The number.of stages was increased slightly over: 
the number appearing in the Scout’s turbines, but were: not 
_ yet. sufficiently numerous. This, together with the fact. that 

the nozzles in: service deteriorated so rapidly that the: low 
economy still further and seriously reduced, caused a 
reaction’ against: the Curtis turbine for battleship use, and. it 
did not again appear in this class of ship until several. years: 
later:' When it did it in a form: 
from the earlier types. 

were built, all fitted with: Parsons turbines with cruising tur- 
bines installed in order to obtain economy at low speeds ordi- 
narily used in cruising and drill. These vessels were all very 
successful as measured by the standards set by turbine-propelled 
vessels. Luckily there were at hand data derived from a sister 
ship fitted with reciprocating engines which threw considerable 
light on the general ‘subject of the ‘propulsive efficiency of tut- 
bine-propelled vessels as obtained ‘under ‘the general practice of 
the day. These data’ demonstrated’ beyond ‘question the’ supe- 
ridrity of the reciprocating engine’ with its relatively slow- 
turning propeller’ for battleship ‘propulsion in every ‘particular. 


FINAL DESIGN. OF: HEAVY RECIPROCATING ENGINE, » 


In 1905 two battleships were authorized, and in the eu 
of their engines three, radical changes from existing practice 
_ were incorporated. In previous,engines the distribution of 
power in the various, cylinders had. been extremely uneven, the 
I. P. ‘cylinder generally developing a very heavy excess as com- 


* 
4 
| 
a 
« . 
~ ; ‘ 


292 RETROSPECT OF NAVAL, MARINE ENGINEERING. 


pared with the H.-P. or the combined two LPs. In'these new 
engines the ratio between the’areas of the combined L.Ps. and 
the I.P. was much increased, the total ratio of expansion was 
greatly increased and, finally,’ the length of’ the main steam 
valves was made so great as to give short arid straight steam 
passages from the valves to the cylinders. These engines were 
of 8,250 [.H.P.; designed, at 1,000 feet piston speed, 265 
pounds pressure in the H.P: valve chests, and about 50 degrees 
superheat, the piston speed, pressure and’ superheat being de- 
partures. from previous vessels. This type of engine was . 
repeated in a battleship of 1906, which engines were’ still 
further improved by fitting them with forced lubrication. This 
last item of change was of the utmost importance:as in addi- 
tion to conserving the lubricating-oil supply, it reduced: shock. 
on the engines, vibrations of the vessel, wear and tear on the 
journals and engines, initial friction and friction of the load, 
and increased the reliability. As expressed by one command- 
ing officer in the Fleet, “the reciprocating engine without 
forced lubrication was one caching with forced lubrication, it. 
was an entirely different one.” 


THE ADOPTION oF OIL, FUEL FOR BATTLESHIPS, 


Betore this vessel was ‘completed the Navy Department di- 
rected that she be equipped with oil-fuel apparatus and storage 
space be supplied for an auxiliary. supply of,oil fuel. This was. 
done, the system of mechanical, that is pressure, atomization 
being supplied. This same system was also adopted for all 
classes of vessels, and as time has passed. improvements have 
gradually crept in until, as oil-fuel burning stands today, no 
other system than this one of — ‘atomization would 
be considered. 


TEMPORARY VICTORY OF RECIPROCATING ENGINES ovER 
TURBINES. 
The reciprocating-engine battleship of 1906 having. ddesanee 
strated its superiority very strikingly over the Curtis turbined 
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__ vessel of the same date and over the four Parsons battleships 
of the two succeeding years, it was decided that: the two next 
vessels of | this class should be engined with reciprocating 

engines. These vessels on their acceptance trials even bet- 
tered the performances of the preceding vessel having the same 
type of ‘machinery, and the Bureau of Steam Engineering, i in. 
view of these performances, decided that no more turbine 
installations should be fitted in battleships until the turbine 
designers should so modify their practices as to aim at economy 
in propulsion, which would take into consideration the com- 
bined efficiency of turbines and propellers. According to their 
old practice they | had aimed at economy of turbines only, and 
had based their promoting claims on. these grounds, 


pate DEVELOPMENT or DESTROYER MACHINERY, 


The building up of the destroyer flotilla, which had’ had no 
further increases since the first sixteen appropriated for, began 
in 1906. In deciding on the type of machinery to be adopted 
there was no hesitation in accepting turbines as the only de- - 
_ sirable existing type; as experience with the earlier destroyers 
had fully demonstrated the unreliability of high-speed, light- 
driving, 

The: first vessels built were all ‘of 
using Parsons turbines. Then some’ two-shaft arrangements 
using Curtis and Zoelly turbines were constructed. ‘The two- 
shaft arrangement: having’ demonstrated ‘superior ‘handling 
qualities in maneuvering the vessels, was. finally ‘accepted 'as 
the preferable arrangement;‘and in order meet this condi- 
tion, in addition to the Curtis and Zoelly turbines, a two-shaft 
Parsons arrangement was proposed by Mr. Charles P. 
Wetherbee, of Bath Iron Works, and was pronounced accept- 
able, although it had the serious dtdwback only one main 
condenser. 


ig 
a 
d 
i 
‘ 
: 
4 


294 RETROSPECT OF NAVAL MARINE ENGINEERING.” 


EN ‘CRUISING UNITS.» ff 


The conditions of service which | our r fighting 
are required to operate makes it obligatory to conserve their, 


servation all of the fighting ships of every class are ‘fitted with 

such arrangements of machinery as will tend to reduce toa 
minimum the, consumption of fuel at low. speeds, and particu- 
larly at those speeds most frequently used i in cruising and at 
drill. 

AS in the ‘Parsons turbined battleships: the three-shaft de- 
stroyers were fitted. with a H.P. and an LP. cruising turbine, 
one on each wing shaft, “When the two-shaft destroyers first 
appeared, those having Curtis or Zoelly turbines, the economy 
at low speeds was obtained by using a decreased number of 
steam nozzles in the first stage. This method had also been 
used in the Curtis turbined scout and battleship. «:In later two- 
shaft, arrangements where a certain fixed minimum cruising 
tadius at ai given speed was required, those vessels fitted with 
Curtis or Zoelly turbines were fitted with alittle reciprocating 
engine on each shaft located forward. of the turbines and ex- . 
hausting into them, while in the two-shaft Parsons ships there’ 
was only one cruising engine located forward of the L.P. tur- 
bine and exhausting across the ‘ship into the H.P. turbine on. 
the opposite shaft. .These engines were coupled to their re- 
spective shafts by couplings which could ,be quickly, engaged 
and disengaged, some of them requiring the machinery to. be 
stopped to do either, others requiring: stopping only, to. engage, 
while still a,third type was hydraulic and om 
erigage with the in operation, 


BLOWERS ‘DRIVEN BY morons oR BY 


The engines driving the 
on the earlier vessels both large and small, had given a great 
amount of trouble and were the frequent cause of unsuccessful 
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trials, In seeking fora more'.reliable:; power: unit’ for these 
auxiliaries, the, electric: motor had been called into service, and 
the first of; such, electric-driven, blowers were installed in the 
1905, battleships. ., ‘These were so ‘successful were 
fitted for some years.in all subsequent battleships. | zit 
_, With the. new, destroyers, however, on account of thie tack ad 
electric power,.some other form of power unit was necessary, 


and. such a: unit..was, found. in 

successive ones were oil burners, and it was with this fuel that 
the steam. turbine. established. its undeniable superiority: over 
the electric ,motor, forced-draft purposes. Having once 
thoroughly established this superiority it was not long before 
it had ousted the electric-driven blower. from all service. sal 
it before held undisputed sway... 


REDUCTION GEARS, MECHANICAL, “AND RLECTRIC. : 


been called to the prophesy made by Sir Charles Parsons. sey-' 
eral years previous to this.time, concerning the. possible, adop- 
tion .of reduction gearing between, the steam jturbines and. the 
propeller shafting i in order to, make the.turbine. suitable for the 
propulsion of slow-speed vessels., Both, Sir. Charles,,in Eng- 
land, and the. late. Rear Admiral, Melville, with: an: associate, 
Mr, Macalpine, had. been working, for several years the 
problem, and,each. reached his own; solution, at about the same 
time, ‘Sir Charles exposed. his., invention on, board ..the. old 
merchant, steamer V espasian, while the; Melville-Macalpine. in- 
vention, which had been. taken. up. by. the. late Mr, George. 
Westinghouse, was. disclosed through :the: medium ofa. trial 
unit built at the works of. the Westinghouse Machine Co.)."The, 
main difference, between the two types of. gear, was in the 
features of preserving, alignment between the pinions.and gear 
wheel, which 4 in the Parsons gear was established by rigidity " 
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of foundation, while in the: Melville-Macalpine'gear the pinion 
line was given.a certain amount ‘of play by' means of a flexible 
I-beam support, afterwards changed to aft hydraulic cylinder 
support, and later, reverting again to’ the a 
flexible shaft connection to the turbine shaft’. °° 

Electric Reduction Gear.— About 1908,' while’ the 
plans for the battleships of that ‘year were being’ developed, a 
Mr. Fessenden presented through the President 6f the United 
States, a proposition to install electric propelling machinery for 
those vessels.” The plan submitted’ was very sketchy and con- 
tained several very objectionable features ‘which, combined 
with the fact that such radical departures as the adoption of an 
entirely untried power unit for the propulsion of capital: ships 
is never done by the Navy Department, caused the scheme to 
be rejected.’ ‘The! following year, W. L. R. Emmitt sub- 
mitted a proposition for electrie propulsion for the battleships 
of that year. Mr. Emmett’s scheme was much better developed 
than that submitted by Mr. Fessenden, but was not adopted, as 
it was considered that the experiment, if carried out, should © 
be carried ‘out on a unit the Fleet ‘than a 

Diesel Engine. ‘several ‘the date of 
which I am speaking’ Dr. Diesel, a German citizen, had been 
experimenting with an internal-combustion engine to use heavy 
oil as a fuel ji in place of the lighter oils which were then gen- 
erally used." It is said that this engine ‘was first designed with 
the idea of tsing’ powdered coal as’ fuel. In 1897, ‘Colonel 
Meier, representing Mr. ‘Adolphus Busch, of St: Louis, read a 

paper‘ ‘before the annual meeting of the American Society’ of 
Naval’ Engineers, describing this engine in very glowing: 
anid advocating its more general’ use. 

By 1911 this engine had come into lee use as ‘the main 
propelling units for surface propulsion of submarines and was 
rapidly gaining ground in the field of low-powered installations 

pi ‘Many men in in the marine 
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neering world were: influenced. by the attractiveness of: the 
proposition and by the untruthful ' statements’ of unprincipled 
promotors and were dreaming of the disappearance of steam 
engines’ of all types with their necessary boilers; and of their 
replacement by units of the new type of engine for all powers. 
Our Service adopted the Diesel engine for submarines in’ place 
of the gasoline engine: which we had~been “using sinee Te- 
vival of the ssiibmarine in 200050" agains 

TRIALS OF MECHANICAL AND. ELECTRIC ‘REDUCTION, 

THE DIESEL ENGINE, FOR LARGE VESSELS, 


In 1910. opportunity. offered, for: testing out 
gears; in 1911, electric gears. -In 1912, some: of: our: naval) 
engineers. being. severely bitten by: the, Dieseb ‘bug and the 
. pressure being exerted. by the Diesel engine interests» having: 
become sevefe, it was determined to eee _ form be: om 
its opportunity also. 

with mechanical gears, the machinery. being presage ap by 
the Westinghouse! Machine Company., =) 

. The collier Jupiter was chosen as the field in which the ideas 
of Emmett: and: the General de- 
veloped and demonstrated). 

The fuel ship Mawmee was set ‘aside See the Diesel agin 
experiment, plans for two-stroke cycle engines:of Nurnberg 
design being-obtained from the Electric Boat:‘Company while’ 
the actual work of | coristeuction was" at 
York Navy Yard... dg 
The trials of the: fully 

the suitability of both types of reduction for naval purposes. 
Of the Maumee, the best that we can boast is that we possess 
the highest powered Diese! — installation afioat up to the 
present time. 

The three vessels were all twin screw, witite the S. 
of the Neptune and of the ‘Jupiter. were and! of 
the Maumee 5 000. 
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OIL FUEL FOR LARGE VESSELS. THE TURBINE DEFEATS ‘THE’ 

1911. .were, plans. for battleships’ which» 
epoch making, as these vessels were designed to use oil as the 


only fuel while one of them demonstrated that the Curtis tur- 


bine had passed from. the development stage with all its trou- 
bles_and disheartenings, and had reached the state of a:com- 
pletely successful marine turbine. 

"The other vessel was fitted with reciprocating engines of the 
now thoroughly standardized type, and as the two vessels of- 
fered: again an opportunity for a thorough test between the 


two types of machinery, ‘that is, reciprocating engines ‘and tur-_ 


_bines, every means ‘were taken to give each its maximum effi- 
omitted in the designs. 

The clearances in the engines 
were reduced toa minimum; steam and exhaust velocities were 
reduced, forced lubrication was fitted, and economy of auxilia- 
ries at low powers was provided for as muchas possible. 
In the design of the turbines for the other vessel) the revolu- 


tions at full power had been reduced from. 280 to 220, the dia-' 


phragms between stages were split instead of being solid discs, 


the blading was made heavier and the design of the-root’ was 
changed to a stronger and more reliable form. “The compound 


Curtis turbine made’ its first. appearance in our Service, each 


shaft, of which there were two, being fitted with two turhines, 


an H.P. and a L.P., the H.P. being of 
L.P. was of the drum type with impulse 


OF GEARED CRUISING TURBINES, 


With this turbine ship also appeared the geared cruising | ‘eler, 
ment on large ships, it having been installed on this vessel after 
being adopted for the succeeding vessel of the battleship class. 
This type of cruising element had been already adopted for 
destroyers where its use had become imperatiys on account of, 
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the demand’ for. an increased: cruising: radius atvan 
speed over that of the earlier boats. 

trials of these two vessels of one, 
which was also fitted with compound turbines and reduction- 
‘gear cruising element, but which had its power distributed on 
four shafts, resulted in the complete defeat’ of the reciprocating 
engined shif at all speeds except the maximum, and this defeat, 
in combination with the abnormal increase in powers which 
occurred ‘shortly after, resulted in the complete elimination of 
the reciprocating ‘engine from’ consideration for: propelling 
purposes in vessels of high speed anid power: Me BLY 


FINAL MODIFICATION OF BABCOCK AND WILCOX BOILER. “MoDI- 
FICATION OF BOILERS OF THE EXPRESS Ls, 


_ With the adoption of oil as the only fuel for large vessels, 
the Navy Department considered that--some, modifications 
should: be.made in the form of Babcock and Wilcox boilers if 
they. were to be used under these fuel conditions. These 
wishes of the Department were at. once met by the Babcock 
and Wilcox Company, which dicdianiecsa at once: a new boiler 
conforming to them. bia 
These changes were as. follows (a) ‘haces course, 
all grates: disappeared; (2) side water.:walls were eliminated, 
heavy fire brick walls taking their place;(8) angles. of tubes 
and headers: were changed, tubes being! inclined, 18 and 20 
degrees to the horizontal and inclination of headers being 
changed accordingly ; (4) -down-comets between steam drum 
and lower front cross-box: were installed ; and: (5) lower row 
of 4-inch tubes were done away with and two: rows of 2-inch 
tubes were ‘installed iri: place of: them. The first of these 
boilers was installed and. thoroughly tested the: Oil F 

and met every expectation. 
int of ‘an oval form were modified by,‘changing from the 
oval form to’ the cylindrical form of;drum: This-oval. form: of 
drum hadi given trouble from time to time in express boilers 


. 
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having curved. tubes, in the Yarrow type with 
tubes under the arduous conditions war service. 


‘ADOPTION OF ‘REDUCTION GEARS, MECHANICAL AND ELECTRICAL, 
“FOR HIGH POWERS, 


“The. of snechapigal, reduction gears having satis- 
factory, an installation as the main power units in a destroyer 
was authorized in 1913; the results of this installation were so 
gratifying that. the direct-connected. turbine is no longer con- 

sidered, mechanical,gearing and small.diameter, high-speed tur- 
bines having driven them, completely from: the field. in. such 
vessels as destroyers and scouts where high speed on minimum 
weight are required and ence protection, for such machinery 
is impossible, 

Our electric: reduction experiment having resulted ‘so ‘suc- 
cessfully, it was decided, in1914, to apply it to a battleship. 
In*such: vessels/and vessels of the battle-cruiser type; in addi- 
tion to speeds varying from moderately to very high and with 
high to very high powers, the prime requisites are as low a 
weight as’ possible combined with reliability, economy at low 
speeds, simplified and reduced piping arrangements, ease in 
overhaul and supervision! and maximum. possible protection of 
ship and machinery against serious crippling from gun-fire and 
torpedo attack. These being obtained in a much greater de- 
gree with electric than with mechanical reduction gear, the 
Navy Department, against much opposition from outside inter- 
ested parties, adopted the electric reduction for all seas ae 
ing ships, and stands on that decision today.:) 

In the fifty-year period! covered by this :review steam 
sures have risen from:80 pounds to 250 and ‘300 pounds: per 
square inch, piston speeds of reciprocating engines. from 240 
and 250 feet to 1,000 for heavy and 1,200 for light engines, 


weights have fallen froma very few horsepower per ton to 30 


_ per ton ‘for heavy ships and 50 per ton for light, very fast ones. 
The true types 6f water-tube boilers have driven the box type. 
the Scotch type, and: the semi-water tube, such. as the old 
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Martin boiler, from the field, Sail power has disappeared and 
steam power. is,king. Powers have risen from a few hundred 
horsepower to. 28,000 for destroyers, 60,000. for: battleships, 
90,000. for. scouts and’ 180,000. for battle cruisers., The*recip- 
rocating engine has practically disappeared, its place being 
taken by the direct-connected steam turbine, and this latter, in 
. turn, being forced to give way before the superior qualifica- 
tions of mechanical and electric reductions. Notwithstanding 
all of these changes we find ourselves today using gearing 
between the main engines and the propeller shafts, water-tube 
boilers and superheaters as did Commodore Isherwood in the — 
famous Wampanoag of fifty years ago. Machinery and ma- 
terials have improved, but otherwise the ideas of this famous 
engineer, ideas for which he was criticized and condemned, still 
prevail and he receives the honor at this late date which he 
should have received in the days of his accomplishment. _ 
In the years of endeavor that have passed since the rebuild- 
ing of the Fleet was begun the Naval Engineers have been most 
ably supported by a body of men who, while not in the 
Service, are decidedly of it, as their technical life for years has 
been so closely identified with naval work. On these men 
devolved the task of developing the details of the machinery 
installations and the production of actual in place of paper 
machinery. These men, whose talents have been devoted to 
the interests of the Service and whose names should be found 
in any history of the development of our Navy which may be 
written in the future are George W. Dickie, late Chief Engi- 
neer of the Union Iron Works; Horace See, N. P. Towne and 
John F. Metten, successively Chief Engineers of Cramps Ship 
and Engine Building Company ; Luther D. Lovekin, late Chief 
Engineer of the New York Shipbuilding Corporation; Charles 
F. Bailey, Chief Engineer of the Newport News Shipbuilding 
and Dry Dock: Company; R. Warriner, Chief Engineer of the 
Fore River Shipbuilding Company ; and Charles P. Wetherbee, 
of the Bath Iron Works. These men should all have their 
names appear on the roll of honor of the period. . 
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The: Nation is now at war: The Navy is’ undergoing the 
acid test. We may all rest’ fully assured that when’ the crucial 
hour of supreme’ trial arrives the engineers and. engineering 
material of the Fleet will not be fourid derelict in their duty of 
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on THE OF BALANCING.” 


‘Cleary’s interesting on Di 
mic Balancing in the February issue of this Journal is no 
doubt a good sign: at last the subject of balancing seems to 
be coming into its own, being, as ig always _ maintained, a 
separate branch of mechanical engineering, and not a shop 
method at all; and it is not a very difficult subject, provided 
that it is handled i ina correct manner, and with the full con- 
‘viction that there is not another branch of engineering in 
which theory and practice are in closer agreement than here. 

Commander Cleary, most courteously mentions my name in 
connection with the matter, but I fear that I must have been 
somewhat unsuccessful in “driving home the main points , of © 
the subject, because I evidently was misunderstood. A ma- 
such as is described in Commander s article, 


tions to the A. ee M. E ‘It is. Pests necessary ‘to put 

things straight for fear that someone else might use the 
machine and the method described’ ‘by Commander Cleary, 
and great may “be. his disappointment at the result!’ The 
danger of Commander Cleary’s paper lies i in ‘the unquestion- 
able sincerity and ability of its author; it is a step in the right 
direction, and made with the best intentions, but from entirely 
wrong premises, as I hope will be presently made clear. In 
what follows teference to the paper in question will be made 
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DEFINITIONS. 


In establishing the correct premises it is absolutely necessary 
to review and straighten out the usual definitions. In writing 
this article for the naval engineers, who as a class are of a 
rather high standard, I will use a little different language in 
defining things than in addressing a body of “ dees men” 
(so called). 

By static balance is meant the condition when the center of 
gravity of the body lies exactly on. the axis of rotation. . 


‘Analytically, 


where y and g are the coordinates of the center of gravity. 


Static unbalance is measured in two. manners: either by 
stating that the center of ‘gravity, is so far out, in which case 
it is necessary to specify, i in each case, the mass of the body ; 
or, by specifying simply the product of the mass (usually 
weight) by the distance of the center of gravity from the 


axis; this product i is usually given in inch-ounces, although it 
could also be expressed i in foot-pounds, . or any other units of 


this kind. If this value, say A M is multiplied by w’, the 


result is the so-called centrifugal force, due to unbalance ; 


but it should be remembered ‘that a body whose center of 
gravity is off the axis is unbalanced anyhow, whether ‘it is 
run or not; the running only. emphasizes the effect of. unbal- 
ance. Static balance positively can not be obtained on ‘the 
ways, except if the body, is, light or the journals very small. 


Tn my laboratory accurate records are, kept as to the dis- 


crepancy of the results, in ‘inch-ounces, as obtained on the 
parallels from those obtained on an accurate machine. In 
my last communication to the A. S. M. E. I proposed tenta- _ 
tive formulae and charts by which this it can be 


predicted, more or less. 


By dynamic balance is meant the by myx = = 0, ‘and, 
at the same time, 3’msx =o; in other words, that the prod- 


ucts of inertia vanish; geometrically, this mearis’ that one of 


i 
i 
t 4 
i 


_ NOTES, ON THE SUBJECT OF BALANCING. 305 


the principal: axes of the corresponding momental ellipsoid is 
exactly coincident with the axis of rotation, +; otherwise it 
will be somewhat inclined to the latter. The dynamic unbal- 
ance is being measured, as proposed by the present writer, in 
inch-ounce-inches; multiplying this by w* we have the value 
of the corresponding centrifugal couple. It makes absolutely 
no difference whether the body is running or not; if. the mo- 
mental. ellipsoid is not straight the body is unbalanced: dynami- 
cally. Take, for instance, a three-throw crankshaft, not pro- 
vided with: counterweights; it is an easy matter to draw a 
momental ellipsoid and’ to ascertain the fact that. it will not 
lie symmetrical with the axis of rotation. However, the run- 
ning may manifest the fact that the body is out of balance, 
if the speed ‘is high, or the supports are of the nature espe- 
cially well adapted for visibly responding to the effect... 
From this standpoint the extract from the general speci- 
fications of the U. S. Navy can only lead to confusion (p. 3, 
Journat A. S. N. E., Feb., 1918), because, in the first place, 
no perfect static balance can be obtained on knife edges; and, 
second, because the operation under. steam in its own. casing 
may exhibit vibrations due to either static or to purely dynamic 
unbalance, or to the mixture of:the two; so that, apparently 
suggesting a method of testing, this paragraph is absolutely 
misleading ; the stipulation as to the excess speed of 25 per 
cent of the normal is even worse, and will be referred to later. 
The correct way would be to say: “Great care will be taken 
to insure the rotor being balanced. statically, the tolerance of 
the: static unbalance being not over * * *,. inch-ounce; 
then to balance the rotor dynamically, the tolerance of. dynamic 
unbalance not exceeding — 


ERRONEOUS DEFINITIONS. 


page 4 ‘the paper referred to Cleary 
makes certain assumptions which are not quite correct: 
(a). In the case of a long rotor, static balancing does not 
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always increase the dynamic unbalance (think:always of the 
momental: ellipsoid) my laboratory. it fixed rule, 
‘from’ which'no departure is allowed, that the correction for 
‘static balance must not in any way alter the longitudinal posi- 
tion of the transvetse plane through the center of: gravity. 
In this manner’ the dynamic unbalance is either decreased by 
static balancing or, at least, is left exactly the same as before; 
of course introducing the correction anywhere at all would 
most likely increase the value of dynamic unbalance. What 
Commander Cleary meant is that by proper location of. the 
static ‘correction it would be possible to decrease dynamic 
unbalance, if only the offending point were one, located not 
necessarily in the transverse plane through the center of 
gravity. With this I agree absolutely, but there is no such 
one heavy point, as a rule, but static unbalance is due to the 
fact that the center of gravity of a 

(b) It is not the fact that the ebbiy has ny critical pint 
y Pio counts, but the fact that the supports happen to have a 
free period nearly coincident with that of the actual rotation; _ 
remove the disturbing cause and the forced oscillation cannot 
take place. This is what balancing means, Of course, the 
rotor itself may have a “ critical” speed of its own, but this 
is a matter so entirely foreign to the mabjent of meleaicing 
that it is best not to bring it here at all. 

(d) What is meant, probably, is the fact that all ached 
‘cal energy for rotating the body must come from within the 
-oscillating system and not from outside: ‘The idea is most 
important; of course, but it most certainly was not carried 
‘out successfully in the flexiblé coupling, Plate.I,; which is 
about the most unfortunate arrangement one could think of ; 
if the coupling were on the other end this would improve 
things a bit, although a flexible ‘coupling, never be 
‘used in matters of this sort. 

(e) It is not the existing iba that should be sseigit- 
fied—there is no information that can be gained’ thereby ; 
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but its actual amplitude must be increased so that it will be- 
come visible even without any elaborate magnification; in 
other words, it is absolutely imperative to make. the: free 
vibration of the supports synchronous with the rotation, or 
vice versa. On this subject « a few words will be said a little 
later, 

(f) This only: ‘applies to a rational apparatus: in a home- 
made machine this may or may not lead to results. 

On page 7 dynamic balance is defined as a condition in 
which the centers of gravity of all elements lie on the axis of 
rotation. ‘That this definition is wrong can instantly ‘be seen 
by reference to a nouy such as a six-cylinder crankshaft. 


_ WHY THE SUBJ ECT DOES Not TAKE ROOT. yf 


The. of balance would be better. and, 
taken up by a greater variety of engineers if it were not for 
the main obstacles: one lies in the fact that anyone who made 
up his mind to build a balancing machine actually thinks he 
can,do it; he can, but only if he has mastered the elements of 
dynamics to start with. . Horse-sense.alone is here. absolutely 
helpless; the rational premises from which to start, and from 
which a very great variety of new types of balancing machines 
can be derived, will be established. presently. .. The . second 
obstacle centers in the fact that anyone seems to be easily 
convinced: by the manufacturer’s assurance that. the article 
has been balanced on a special machine, by a special man; ina ~ 
special department, etc. Call on any, chief engineer of any 
shipyard or large shop and he will tell you the same story: 
“Never have had any trouble like so many.other concerns 
seem to: ‘We-have a special expert who attends to it; We 
don’t know how:he does it, but he just does.. The public buys 
we want?” 

If it were only are the big 
in matters of balance, and how unwilling to confess. their 
ignorance unless absolutely forced to, the public and the Gov- 
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ernment would change their attitude and demand standardized 
balance, with definitely’ established tolerances, secured on a 
rational apparatus, the action of which is clear and positive 
ye requires no “assumptions” or special ‘‘ theories.” 


ELEMENTS OF THEORY OF BALANCING MACHINES. 
We all know the of. 


M is the ‘mass. a the 
codrdinate. Its integral is a = ae sinwt, where 4 = D/2M 

and w = an/T the period being V4MF — 

We also know that the ratio of consecutive 
on the same side, is = e*7. 

Developing the exponential and dropping higher terms we 
have aja, =r + AT; so that 

(a — a,)/a, = AT = DT/2M = 8, say; 

in other words, the quantity @ measures the relative decrease 
of the amplitude. Now, then, if the oscillation were an un- 


damped one the period would naturally be T, = an ': 
The ratio of will be 91) 


in words, 


die 


It will thus: seen that even if is very 
such as 20 per ceni, still, the difference between the two — 
periods will be practically nothing: Hence the important 
result, that whenever the damping is proportional to the first 
power of velocity, the period is not greatly different from 
that of undamped motion, unless damping is excessive. 

-' The next step is to consider the action of some. harmonic 
force (generalized) on such a system. The equation of such — 
a forced oscillation will then be 
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Fa = Esin ol, 

the c perio of the imposed force being, of course, 

The splution consists of two parts: the 
Junction, in which we are not in the least interested, because 
it represents that part of the motion which soon dies out (on 
account of the factor ¢, as has just been shown); and the 


"Here the appearance of the constant suggests a certain 
lag of the effect behind the cause. 
What interests us most is the question of energy loss due 
to frictional work of the damping. The elementary work of 


the damping force (generalized) is evidently = 

“Integrating this over a complete period of oscillation we _ 

have (since the constance of the amplitude means that a// 

energy goes directly into the of 
period 

€ 
which integrates into 


The being = we get the. mean 
we 
“This expression is maximum abanenaia (lag of effect 
behind.the cause) which (from the above of 
that. 


chat of the imposed force is sink to the 
period..of the same system without damping (D = 0); we 


_ 
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have just seen, however, that this’ period does, not materially 
differ from the actual free if damping is 
excessive. te estab ent thors 
Now, since the condition, of maximum energy ise = 90°: ’ 
this means that the equation of the. cosillanion:. ey 


abide ‘means, motion with an amplitude which 
can become quite considerable if the damping is small. How- 
ever, this amplitude can never reach infinity, no matter how 
small the value of D, because with the increase of amplitude 
the restoring forces will be no longer proportional to deflec- 
tions, 4, and the. fundamental equation. will not hold true. 
Hence the absurdity of the supposition that a. fiddler can 
down a bridge, etc. 


SYNCHRONISM, | 


Still, if the period of the imposed force is near or equal 

to the free. period of the system, both the energy and. the 
amplitude are considerable, and: such a called syn- 
chronism, will necessitate a few remarks. 

To begin with, synchronism and resonance: “mean tp things 
entirely different: synchronism means that a system is acted 
on by an external agency whose period happens to coincide 
with the free period of the system, but, in itself, is unchange- 
able. Take, for instance, a rolling ship; its free period may 
be exactly the sate''as that. of the waves, but the latter is 
not subject to change on that! account. Now by resonance 
is meant a condition by which both periods, that of the free 
oscillation: and that ‘of the ‘external agency, interact, each 
being influenced by the other. The wobbling table of: Dr. - 
Sommerfeld is precisely in that class; this is really a problem 
of two degrees of freedom; the motor acts on the table and: 
the: table acts on the motor. The loss ‘of ‘efficiency in ‘the 
destroyers with unbalanced:turbines also belongs to the same 
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order of things. It is also of interest to note that the curve 


_ of the: amplitude’ increase in the vicinity of synchronism is 
bell-shaped affair, as roughly shown in Fig. 1. If, for 


instance, the synchronous speed is 400 r.p.m., the amplitude 
decreases very quickly on: either side of it, and if the speed is 
25 per cent higher or lower the oscillations: may’ vanish, 
apparently, although the strain on the — and snakine of 
power may be considerable. 

Now, having in mind the. fundamental given 
and the principle of synchronism, one can develop any num- 
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ber of designs of rational balancing machines. Starting with- 
out this background one is quite sure to fail, Let us analyze 
the requirements of a balancing machine from the standpoint 
of the theory briefly outlined above. | ses 


DEDUCTIONS FROM FUNDAMENTAL EQUATION. 
1. All ‘methods based upon the marking of “high ‘spots’ 


are absolutely worthless; they are all based upon the value 


of the angle 2 of phase-difference; now this angle depends 
upon the speed, w, and therefore does not present anything 
tangible that can definitely be located. Reversing the rotation 
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is likewise a questionable method, since it is not at all an easy 
matter to secure exactly the same speed as before. Further- 
more, such a high spot, even if the speed could be accurately 
determined and maintained, would not be of ~ positive 
value that can be interpreted numerically. 

2. What we called E, that is the 
must necessarily be due to the unbalance itself; all outside 
influences should be paralyzed, lest they, too, should create 
serious tests 

8. Since the amplitude can readily be sierenied in a very 
marked degree, it is rer to operate on the principles 
of synchronism. 

4. The damping effect has heen assumed proportional to 
the generalized velocity; while, in general, molecular friction 
is not exactly proportional to the first power of velocity, for 
small velocities it is safe to assume this to be the case; at any 
rate, all friction resulting in constant resisting effort should 
be carefully eliminated, all sliding, rolling contact, etc. 

5. In studying the given oscillation it is of extreme impor- 
tance to know that jt is not “ just wobbling,” but is due to 
either static or pure dynamic unbalance. Imagine, for in- 
stance, a condition illustrated in Fig. 2, which is a very com- 
mon one in practical experience: here-we have a certain static 
unbalance, manifested as centrifugal force $; also a certain 


PLAN VIEW 


Fie. 2... 


4 q 
i 
he 
ic 
4 
| 
i 
¥ 
D 
— 
e 
: 
: 
a 
- 


“ NOTES ON THE SUBJECT OF BALANCING. 313 


amount of dynamic ‘unbalance, evidenced by the centrifugal 
couple D=D; F is the fixed bearing and.M the moving bearing 
with spring adjustments. Now if the couple due to the cen- 
trifugal force S, taken with reference to the fixed. bearing, 
F, is exactly balanced by the centrifugal couple: D-D, the 
bearing M will exhibit absolutely no effect, and we might 
naturally suppose that the body is in most perfect balance. 
‘ An ignorant engineer will often feel quite happy over secur- 
ing just such a result, feeling that one end is now all right; 
not realizing that his whole foundation is radically wrong. 

‘Now here is the conclusion: machine-shop horse-sense, as 
such, is altogether inapplicable to balancing or to the design 
of balancing apparatus; while horse-sense, derived from 2 
study of the elements of dynamics will result in most fruitful 
work in this interesting field, and will mean high develop- 
ment of the art itself and all the machinery réquired in it. 

Yet, the reader wil! say, the rotors of the Shaw were bal- 
anced on apparatus described in the paper in question and 
work very well. There is no objection, indeed, to the fact 
that they did, but the whole question is, did they work because 
or in spite of the fact that they were balanced by the method 
described? For instance, from the description, especially 
from what is said on page 19, I feel that these rotors are in 
neither static nor dynamic balance at all. The balancing of 
the propellers, outlined on page 17, is especially significant: 
anyone familiar with the first principles of balancing will at 
once see why it was necessary to take off 30 pounds and then 
immediately to put it back again; also why the second pro- 
peller, not balanced statically, ran just as well as the other. 
Just think of a body, balanced dynamically, but out ‘of bal- 
ance statically! 

When in a matter of this sort it is possible for two engi- 
neers to disagree quite as completely as here (I agree with 
Commander Cleary only in two points: the importance and the 
object of balancing ; but I, most respectfully, disagree with him 
as regards the method, the apparatus used by him, his defini- 
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tions, conclusions arid his results), then it is clear that some- 


thing is radically’ wrong; it becomes, therefore, necessary to 


have the subject looked into more thoroughly with the imme- 
diate purpose'of (a) establishing the correct basis on which 
to work, and (b) adopting certain limits of accuracy (toler- 
ances), thus the very of 
product. Sant 


balancing apparatus before one of the best ‘known. scientific 
organizations of our land some time in December. Let us 
hope that’ in discussion many ingenious halancing machines 
may be proposed by the readers of this short-article, and that 


all of these will be of the rational. kind, on 
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_ THE SPECIFIC-SPEED METHOD. 


By M. C. Sruarn,* 


_. The purpose of this paper is to develop and illustrate a new 
method of, treatment of the performance and design of geo- 
metrically similar air propellers, In the methods used at 
present expressions for torque and.thrust coefficients are, de- 
rived from the known laws of propeller performance based on 
the theory of similitude. .The values of these coefficients are. 
determined for various values of the slip function and are 
used to determine the characteristics of geometrically similar 
propellers for the same values of slip function (see references 
a.andg). 

The Specific-Speed method of treatment cf the subject i is an 
adaption and extension of methods which have been success- 
fully applied to hydraulic turbines, centrifugal fans and cen- 
trifugal pumps. (see Appendix III). In the more usual type 
of problem arising in the application of a propeller to a 
machine the requirements of power and forward velocity ‘of 
‘the machine are known, and the diameter or rotational speed 

of the propeller, or both, must be determined to meet these 
requirements. In. the. ‘Specific-Speed, method the rotational 
speed and diameter of the propeller are expressed i in terms of 
power and forward velocity, and a direct method of treatment 
is thus obtained. ‘The formulae required will first be devel- 
oped from the laws of similitude for the performance of geo- — 
- metrically similar propellers; the relation between the various 
units will be shown in the form of curves; and, finally, ex- 
‘amples will be given of the use of the method in the solution 
of problems. 


*U.S. Naval Engineering experiment station, pie Md. 
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DERIVATION OF FORMULAE, 


The laws for the performance of geometrically similar pro- 
pellers, as-affected by changes in diameter and speed, have 
been developed theoretically, and have been proven experi- 
mentally to be as follows: For a constant diameter of pro- 
peller, and at constant efficiency operation, the forward 
velocity is proportional to the rotational speed, and the power 
developed is proportional to the cube of the speed. Also, at 
constant rotational speed, and for constant efficiency opera- 
tion, the forward velocity is proportional to the diameter, 
and the power developed is proportional to the fifth power 
of the diameter (see references a and b). These laws may - 

by the following two equations: 

V = Velocity of forward movement of propeller relative » 

still air. 

P = Power reduced to standard air r density. 

N = Rotational speed. 

D = Diameter. ee 

Eliminating D and for in’ ‘these equations we 
have: 


Tf, in equation (c), V and P be taken as unity, C, will be 

the speed required to produce unit velocity with unit power, 

and this speed is termed the ‘speed ane designated 

the symbol 
then 2 


Eliminating N from (2) and and solving for 

D, we have: nadie 
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If, in equation (d), V and P be taken as mike c, will be 

the diameter of propeller required to produce unity velocity 

with unit power, and this diameter is termed the be aca 
diameter and is designated by the Desi 


then 
(2) 

and : tity 


We may now define the) “ Specific Speed,” Ns, of a pro- 
peller, operating at any given efficiency, as the speed of a 
geometrically similar propeller which is of such a diameter Ds 
as to produce unit power at a unit velocity and with the same 
efficiency. Also, the “ Specific Diameter,” D,, of any pro- ° 
peller, operating at a given efficiency, is the diameter of a 
geometrically similar propeller, which, when running at a 
speed Ns, will produce unit newer at unit velocity and with 
the same efficiency. 

Designating the tip speed of the’ propeller: by the 
specific tip speed by vw, we have: © ~ 


and 
or “tesa (e) and (3) we have: 
And 


“The specific tip Us, of a at any 
given efficiency, may be defined as the tip, speed. of a geo- 
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metrically similar propeller required to produce unit forward 
velagity at the same efficiency. 


RELATION TO SLIP AND SLIP’ FUNCTION. 


Tuaseuseh as the methods in use at present, involve the use 
of slip and slip function, the relation between Rese, seit the 
specific units may be noted. 

rom the definition of slip, 

Vv = (t — s) = mDN (1 — 5), 
in which ae 
p= pitch, 

s=slip, 

m = ratio to diameter. 


From (3), above, Vs = = = 
substituting in (f) 


and 


also, the relation between the slip function, VIND and 1 is 
given directly by the expression, 


The use of slip si slip function is not necessary in the 
Specific-Speed method, but the relation between slip, slip func- 
tion and the specific units may be determined at any time, if 
desired, by the use of — (9); and 
suitable units are used. 

UNITS. 


In the development of the formulae to this point no units 
have been mentioned, and a homogeneous system may be con- 
sidered to be used. However, in the application of the 
formulae to problems, ‘it is probably desirable to ‘select com- 
mercial units ‘which ‘lead directly to desired atiswers. “Inas- 
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much as the values of specific speed and specific diameter are 
defined in terms of unit velocity and unit power it is necessary — 
to first define these units. It is proposed to select for this 
purpose a unit velocity of 100 miles per hour and a unit power . 
of 100 horsepower. These units of velocity and power lead 
to values of Ns and Ds, which are of the same degree of 
magnitude as the speed and diameter of actual propellers. In 
fact, when using these units, the “ specific propeller’ may be 
considered as one having a speed and diameter which will 
produce a velocity of 100 miles per hour with a power of 100 
_horsepower. 

As regards horsepower, either the (thrust) 
power developed by the propeller or the effective (torque) 
horsepower produced by the engine may be used. It is con- 
sidered to be more convenient to use the thrust horsepower 
developed by the propeller in the specific speed formulae, and 
this power is therefore used in the present work. The effect- 
ive horsepower may be determined at any time from the 
knowledge of the values of efficiency arid useful horsepower. 
As will be shown later, the Specific-Speed method may be 
used to solve any type of problem involving power, velocity, 
speed and diameter. With these known, torque and thrust 
may also be determined by the usual formulae which express. 
the relation between theust, 


‘DENSITY oF AIR, 


The effect of air density need not be ciation | in any Sok 
the exponential formulae developed in the Specific-Speed 
method. Since at any diameter and speed the power is pro- 
portional to the air density, the actual power may be reduced 
to a power at any standard air density by simple proportion. 
This is essentially the treatment for density used by.the. present 
methods. In this work a standard density of 0.0750 pound 
per cubic foot is used in developing values of Ns and Ds, and 
the values of Ns and Ds apply for that standard density. 
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“APPLICATION TO ‘TEST DATA. 
In the application of the method to test data of a propeller 
use is ‘made of the following formulae : 


The notation for the formulae 'is summarized as follows: 

Ns = Specific speed, revolutions per minute, 

D; = Specific diameter, feet. 

v; == Specific tip speed, feet per finite. 

N = Rotational speed, evolutions per miriute. 

D == Diameter, feet. 

v == Tip speed, feet per minute = DN.’ 

: Useful (thrust) power developed by propeller, ex- 
‘pressed in hundreds, of horsepower, and reduced to 
standard air density of 0.075 pound per cubic foot. 

ae == Velocity of forward movement of propeller relative’ to 

ue still air, expressed in hundreds of miles per hour. ' 

The following data are required from a test of a propeller 
to which the Specific-Speed method is to be applied : 

Useful horsepower reduced to standard air density 

Velocity of movement of relative to still 
air. 

Rotational ‘speed. 

"Efficiency. 

~The computations’ ra the specific units for a propeller from 

data obtained from the test of a model aré given in Table I, 

and the method of computation is s explained in detail in 

‘CURVES. 


“The of Table I yield four. items, are ‘the 
basis of the Specific-Speed method. These items are Ns, Ds, . 
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_ TABLE I—COMPUTATIONS FOR SPECIFIC UNITS. PROPELLER No. 1. _ 


of 
v 


. 


miles per hour. 


Velociety, hund: 


~ Useful power, hundreds 
Of horsepower. 
= Revolutions.per minute 


© ON 


“In order to these items available 
for use in the solution of problems and ‘in the analysis ‘of 
performance they are shown in the form of curves as follows: 

Curve I, Fig. 1, Specific Speed vs. Efficiency. 

Curve II, Fig. 1, Specific Diameter vs. Efficiency. 

_ Curve III, Fig. 2, Specific Speed vs. Specific Diameter. 

Curve IV, Fig. 3, Specific Speed vs. Specific Tip Speed. 

_ All of these curves are by no means necessary in the appli- 
cation of the method to the solution of problems, but. the 
curves are all presented because they show some interesting 
and important relations between the various items. Before 
taking up the solution “of: ‘problems some characteristics of the 
curves will be discussed, ° In analyzing the curves it is wéll to 
keep in. mind the fact that, for any requirement of velocity 
and. power the actual speed is proportional to the specific 
. speed, the actual diameter is proportional to the specific diame- 
ter, and ‘the actual’ tip: speed is; proportional to the specific 
tip speed. "Thus the curves show not only the relation between 
the: specific units for the propeller, but also show the relation 

_ between the actual speed, diameter, tip speed’ and efficiency of 
the propeller, to some’ scale, ‘depending only upon the values _ 
for the velocity and thrust power the to the 
is to be applied) 
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I 2 3°14 § 6 7 8 9 10 | 11 12 : 13 a 
22619.5 15, 
12166 02985 5.709% |-23701.8| .7140| 2.1420 
+6396 | .26165 | .10704 | 1. <4 | | 
j ©.4909 | 04214 | 2,400 | 3.000 | .722 34 
| | |. | 1349-5) 2.7177| 8.1531 | 2a619.5 | 34557 
bape 85). 0.3873 3- 10,5192 | 22619.5 | 307 
2,400 | 3.000 | .412 | .og20 76843 | 0.1197 
8) 
| 
{ 
n 
n 
| 
i 
sy. | 
~ 


322 AIR PROPELLER PERFORMANCE AND DESIGN. 


Curve I, Fig. 1, shows that a propeller of this type operates 
at its maximum efficiency at only one value of specific speed 
and, therefore, at only one value of actual speed for any 
given requirement of forward velocity and power. At speeds 
either lower or higher than this speed the efficiency falls off, 
but the curve is quite flat over a wide range of speeds. 
Curve II, Fig. 1, shows the same thing regarding the spe- 
cific diameter ; although there is only one point for maximum 
efficiency, the efficiency curve is flat over a wide range in 


Diameree, Feer, Os. 
or Specific SPEED AND ‘SpaciFic vs. 
The relation between speed. and: specific 
diameter is shown in curve [II, Fig. 2, and it is seen that the . 
diameter decreases with i increasing speeds. The efficiencies at 
the various values of Ns and Ds, shown on‘curves I and I, 
are transferred to curve III, and shown as ticks along, the 
inside of the curve. The maximum efficiency of 0.767 occurs — 
- at values of Ns = 1,540 and Ds == 7.38,. and the efficiency 
decreases in both directions from this point. With the addi- 
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Speciric Spee, RP.M.,No 
Fic, 2.—Cunve OF. Sreciric SPEED vs. SPECIFIC DIAMETER. 


tion of the efficiency ticks, curve III contains all the data 
shown by both curves I and II. Curve IV, Fig. 3, shows the 
rapid increase “in specific tip speed associated with i increasing 
specific speed.. ‘The tip speed data of this curve are trans- 
ferred to curve III by picking off values of N, correspond- 
ing to even values of vs and plotting them as ticks along the 
outside of the curve of Ns vs. Ds. With the addition of 
the efficiency | ticks and the tip-speed ticks curve III shows all 

the relations between | Ns, Ds, vs and efficiency as derived 
from the test of a ‘propeller, and is the only curve required 
in the solution of any type of problem which may arise in. 
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Fic, 3.—Curve or Speciric vs. Sprciric Tip. SPEED, 


connection with the design or performance of geometrically 
similar propellers. The more important relations which may 
be observed: from curve II] may be summarized as follows: 

(a) For given requirements of forward velocity and power 
the maximum efficiency may be obtained at only one value of 
N; and one value of Ds, and therefore at, only, one value of 
actual speed and diameter. 

(b) At rotational speeds and diameters greater or less than 
those corresponding to the point of maximum efficiency the 
efficiency decreases, but the efficiency is quite close to the 
maximum over a considerable range of diameters and speeds. 
-(c) As the diameter decreases both the rotational speed 
and the tip speed increase over the entire range of the curve. 
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SOLUTION OF PROBLEMS. 


In Appendix II there are given examples which illustrate 
the_solutior. of various problems arising in the design or per- 
formance of geometrically similar propellers by the use of 
curve III and one or more of the three formulae for specific 
speed, specific diameter and” ‘Specific ‘tip speed. In the solu- 
tion of all problems attention is directed to the fact that the 
power term in the formulae is the useful or thrust power 
developed’ by the propeller, expressed in hundreds of horse- 
power, and reduced to standard air density, and that velocity 
is expressed in hundreds of miles per hour. Diameter is ex- 
pressed i in teet, and speed in revolutions per minute. 

Problem (1) illustrates a type in which the forward ve- 
locity, thrust horsepower, rotational speed and-air density are 
known, and. the diameter of propeller, efficiency and torque 
horsepower are to be determined. In problem (2) the for- 
ward velocity, thrust power and diameter are known, and the 
speed, efficiency and torque power are to be determined. In 
problem (3) both diameter and rotational speed are known, 
and, in addition, the forward velocity and air density. ‘The 
efficiency, thrust power and torque power are required. Prob- 
lem (4) illustrates the method of determining both speed and 
diameter for known values of power and forward velocity. . 
Problem (5) illustrates the method of design for known — 
values of power and forward velocity when the tip speed is 
limited to'a certain value. It is noted that all problems are. 
solved i in the following general manner: 

(a) One of the specific units is determined by substitution 
in the formula which involves the given da 

(b) The remaining specific units and the efficiency are de- 
termined from the curve. 

(c) The desired data are obtained by substitution in formu- 
lae for specific units and the usual formulae involving power, 
thrust and efficiency. 
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COMPARISON OF TYPE CHARACTERISTICS AND SELECTION. OF 
TYPE. 


A. application of the Specite-Speed 
method is in the comparison of type characteristics in the 
selection of the proper type for certain requirements. For 
illustration, on Figs. 4 and 5 are plotted characteristic curves 
for three propellers with different values of pitch ratio, but 
similar in other respects. These groups of curves may be 
used to determine which of several designs is the best suited 


Fic. 4.—Speciric Speep vs, EFriciency For PROPELLERS. 


for certain requirements. ‘In the most usual type of gle, 

the forward velocity, thrust power, and rotational speed are 
known. These determine the a speed by substitution in 
the formula 


~The object of design is to obtain as high an efficiency and 
as small a diameter as possible which will meet the require- __ 
ments of speed, power and velocity. Whatever propeller type 
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Specric Spero, RPM.,Ne 
Fic. 5.—Speciric SPEED vs. Speciric DIAMETER FoR THREE 


is selected and at eindiver point the design is made the spe- _ 
cific speed must be the value as determined by the specific 
speed formula above. Therefore the best type for the given | 
requirements is determined by entering groups of curves of 
Ng vs..efficiency, and N, vs. D,, similar to. those shown on 
Figs. 4 and 5, and selecting that type which has the most 
satisfactory values of efficiency and specific diameter at the 
value of specific speed at which the propeller must operate. 
For example, assume that a propeller is required which will _ 
produce 128.5 useful (thrust) horsepower and a forward 
velocity of 80 miles per hour, at a rotational speed of 1,300 | 
evolutions per minute. From formula (1a) the value of the 
specific speed for these requirements is 2,580, and the pro- 
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peller’ selected must have. this value of N,. From Fig. 4, 


propellers 1 and 2 each have about the same efficiency, viz: 
73.5 per cent, at this value of N,. “From Fig. 5, however, 
it is seen that for the value of N, = 2,580, propeller No. 2 
‘has a larger value of specific diameter than. propeller No. 1, 
and would, therefore, require a larger actual diameter. Pro- 
peller No. 1 is, therefore, selected as: the one: pay suited to 
the requirements. 

It is desired at this point to lay saltbeabes stress upon the 
use of the Specific-Speed method in the development of the 


| most efficient type of propeller for a given service. In the 


methods used at present efficiencies are compared upon a 
basis of the slip function, V/ND, because the efficiency is 
constant for constant values of V/ND (see reference g). 
The value-of V/ND, however, is not fixed by the require- 
_ ments of the propeller. On the other hand, the value of the 
‘specific speed is definitely fixed by the requirements as to 
forward velocity, power and rotational speed, and the effi- 
ciency is also constant at constant values of specific speed. 
The development of the most efficient type of propeller for 

a given service may, therefore, well be along the line of deter- 
mining the type which has the best efficiency at the value of. 
_ specific speed which is required for the service. . 
~The general method as. deyeloped for the air: propeller in 
the present paper will also apply. to the water propeller, if it 
_ may be assumed that the laws of similitude upon which the oe 
‘method is based > apply to water 


MARY. 


speed, specific diameter and specific tip speed of 
any type of air propeller, operating at any given efficiency, 
_ are defined as the speed, diameter and tip. speed, respectively, 
of a geometrically similar propeller which will develop 100° 
useful (thrust) horsepower when the forward velocity is 100 
~ miles per hour. Formulae (1a) (2a) and (3). for the specific _ 
units are derived from the laws of similitude as applying to — 
propeller performance. From test data of any = of 
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the type computations are aed of the values of the specific 
units at various efficiencies ; and the specific, units and efficien- 
cies are plotted in the form of curves, which; in connection 
with the formulae, cover completely the design and. perform- 
ance of all propellers which are to: ‘the 
propeller tested. 

It is believed that the of, the ver of 
propellers and the solution of problems by the Specific-Speed 
method may prove to be much simpler than the present methods 
which involve the use of and for the 
following reasons : é 

(a) The coefficients or are num- 
bers without any tangible significance, while the specific units 
used in the Specific-Speed method may be thought’ of. as 
speeds and diameters for unit requirements: of performance, 
and the actual speeds and diameters for any requirements of 
performance are simply proportional to the specific units. 

(b) All problems in the performance or design of a group 
of geometrically similar propellers: may be solved by the use 
of a single curve and the simple formulae for the specific units. 

(c) The characteristics of various types of propellers may 
be compared upon codrdinates ,which.show. directly the. value 
of the propellers in meeting of 
performance. 


APPENDIX: I. 


Source or In TaBLE I.—CoMPUTATIONS von SpxrciFic UNITs. 
Item. 
I. Velocity, hundreds of miles ‘tiles sper 
by Ioo. 
Obtained from test data, 
2. Useful horsepower, realized in forward movement of propeller, expressed 
in hundreds of horsepower = horsepower ~~ 100. 
Obtained from “test data toc (of 
_ 0,075 pound per cubic foot. ; 
3. Revolutions per minute’ of Lopsopeeeg 
From test data. 
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A 


4. Diameter of propeller, feet. 
5. Efficiency of propeller. 

From test data. 

6. Pt = item (2)?. 

7. Vix item 
8. vi = V = item (7) X item (1). 
9. Vi = v! x V = item (8) X item (1). 


Io. = item (6) + item (9). 
Il. 


12, w= item (8) + item (6). 


13. D,=DYy =item (4) X item (12). 
14. 2, tip speed, fect per mine, DN X item (4) X item (3) 
15. fem (14) item (1). 


APPENDIX II. 
SoLvUTION OF PROBLEMS. 
‘Problem (1). 
—— Velocity = 80 miles per hour, 


Useful power == 120 horsepower. | 
Air density = 0.070 pound per cubic foot. 
Speed = 1,300 revolutions per minute. 
: Diameter of propeller soeatoail 
Efficiency. 
Effective horsepower. 
Torque and thrust. 


Then: P= = 1.285, 
V = = 
N = 1,300. ‘ : 
(6) eens (1a), =a, 


(¢) "From curve III, for Ns = 2,580, 
we have D, = 5.37 and efficiency = aia 


(@) From formula (2), = D, ‘9.65 feet. 


(e) Effective power = 120 + 0.735 = 163.5 horsepower. 
(/) Torque and thrust are found by the usual formulae. 
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Problem 
V, P, D. 
Determine: N, efficiency, effective 
(a), Solve for D, from formula (22). 
(6) From curve III, at the value of D,, N, and 
(¢) Solve for N from formula (1). 
(d) Determine P, from efficiency, and P. 
(e) Reduce-power to.actual air density. 
Problem (3). 
Given: D, N, V,d. (d= air density. ) 
Determine: Useful power, efficiency, and effective 
Note.—This type of problem, i in which both the dletaaiar and speed of 
propeller are known, is usually solved by the use of torque and thrust 
coefficients. _ It will be shown how this type of problem is solved by the 
specific speed method. 
Given: Diameter = 8 feet. ; 
Rotational speed = 1,200 revolutions per minute. 
Forward velocity = 72 miles per hour. 
Air density = 0.071 pound per cubic foot at elevation of 
3,000 feet. 
Determine : Thrust, torque, useful and effective horsepower, and efficiency, 
For use in the formulae, 
Dp 
N = 1,200 
V = 72 + 100= 0.72 
From curve III, for a value 41,900, 
N, = 2,240, 
5.8, 
Eff. =o. 746. 


egy 


Disa power at fet eration 7208 X 
Effective power = — go.3 horsepower. 


(4) Torque and thrust formulae between torgue, 
thrust and power. 
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Problem (4). 
Given: Only PandV. , 

Determine: Both N and D, 

From curve III, select value of N, and D, corresponding to tet: ciceney, 
and solve for N and D from formulae (1) and (2). ry 

This may give values of D larger than desired’ wid of sinalter 
than desired, or vice versa. It is seen from curve III that the design may 
be made further along the curve, at higher speeds and smaller diameters, 
with not much ‘decrease in efficiency, over quite a wide range in speeds and 
diameters. Also, that as the speed is increased the tip speed is increased. 

A design may be selected at any point along the curve at which the effi- | 
ciency and tip speed are satisfactory. The tip speed at any Leer along 
the curve is determined from equation a aes 

Tip speed = 2,V. 

At whatever point the design is made, simultaneous values of Na and Ds, 

as determined from the curve, must be used. © 


Given: P,V,andv. 
Determine: NandD,.. 
(a) From equation (32) determine 2 Us. 
(6) From curve III, at this value of 7, determine values of N,, D,, and e. 
(c) Solve for N and D from equations (1) and (¢). 
(d) er effective power, torque and thrust nid the usual formulae. 


APPENDIX IIL 
BIBLIOGRAPHICAL NOTEs. 


The first application of the Specific-Speed method to rotating sashes 
was in connection with hydraulic turbines, where the specific speed was 
defined as the speed of a geometrically similar turbine which was of such 
size that it would develop one horsepower under one. foot head (see 
reference c). The application of the method to the centrifugal. pump 
was proposed by Greene (reference d). Here.the specific speed of the 
céntrifugal pump was defined as the speed of a! geometrically similar 
pump which would pump one unit volume of water against a unit head. 
The application of the method to the centrifugal fan was made by the 
writer (reference e), and the method was extended to include the units 
specific diameter and specific tip speed, formulae for which were developed. 
In the early use of the Specific-Speed method it was not realized by all 
that the specific speed of a given type of machine varied Over such wide 
limits with efficiency, and the specific speed of a machine,.was taken as 
the specific speed at the point of best efficiency. Owing to limitations of 
diameter or speed it is not always possible to design at the point of best 
efficiency, and the. design must be made at some other speed and diameter 
at which the efficiency i is slightly less than the maximum, | ‘From this it 
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‘is seen that it is not sufficient to simply refer to the specific speed of a 
machine as a definite value, but the relation between specific speed, 
efficiency, and specific diameter must be considered. Application of the 
method to the was treated in detail (refer- - 
ence f). 

The extent te which results of experiments made on model air propellers 
may be applied to full-size propellers is discussed: in reference ‘(b), 
page 597. 
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SCREW PROPELLER MANUFACTURE. 


By CoMMANDER U. T. Houaxs, U..S. Navy, MEMBER. 


The following notes on propeller manufacture have been 
prepared from observations of the methods employed at one 
of our leading shipyards in manufacturing screw propellers. 
The importance of having propellers strictly in accordance 
with designed dimensions has been made evident in recent 
years, during which comprehensive studies have been made, 

' with very great improvement leading almost to perfection. 

Given the form, displacement and speed, with number of 
shafts and speed of rotation of the shafts of, a vessel, it is now 
possible to fix upon the details of the screw that will transmit — 
the necessary effective horsepower with the least expenditure 
of shaft horsepower. The first element in the problem is to 
determine the effective horsepower required. This may be 
obtained from towing experiments in the model tank. 

Extensive researches along these lines have been carried 
on, going back over a period of at least fifteen years, a critical — 
time in the development of high-speed, high-powered vessels. 
The work of two officers in our Navy has been especially note- 
worthy in this connection. Rear Admiral C. W. Dyson has 
during this time been untiring in the work of investigating 
propeller data. He has been able to perfect his method of _ 
designing propellers by having available the coefficients ob- — 
tained in towing experiments with models ‘of many of the 
vessels under investigation. In this he was assisted in a 
notable manner by the work of the present Chief Constructor 

_ of the Navy, Rear Admiral D. W. Taylor, in directing the 
experimental work at the Naval Experiment Tank, Washing- 
ton Navy Yard. If provided with the model-tank data it is 
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now possible to fix’ upon! the’ most suitable propeller ‘when 
working out details of the machinery of any given vessel." 
CHARACTERISTICS OF RECENT PROPELLERS, 
Recent’ designs’ for high speed require propellers to 'be*true 
screws, with solid hubs, and usually’ with three blades! ‘The 
hub diameter is usually about! ‘one-sixth: of the’ ‘propeller diam- 
eter. Backs of blades are’given a contdur such: as ‘will afford 
the necessary ‘strength, with least ‘weight, ‘while minimizing 
eddy-making ‘resistance. ‘Hubs are fitted with’ conical-shaped 
caps the’ fore part'of which ‘continues’ the contour of the after 


SASTINGS,. 


when. a large of are tobe 
-of the same design;; special | facilities are pro- 
vided to:turn out the castings expeditiously. Details of the 
foundry work areas usual in loam work, ‘The following, ‘points 
in connection therewith are of special interest: «|. 

Hubs are cast with a small core to facilitate boring pe 
The axis is vertical in casting with the gate for inflow of metal 
at the:bottom of:the hub and a very heavy riser’ over the, hub. 
An overflow gate is placed at the upper edge of :each blade ‘to 
ensure ‘the metal filling the mold completely: A test:pieceis 

true to form as is possible. About inch excess thickness is 
allowed ‘on:the faces of blades, with a margin of approximately 
2 inches:in width around the edges: In:the castings the edges 
are not fined to less than about!1 inch in thickness, .: This 
excess ‘metal in the castings is necessary’ to guard against: the 
inevitable:warping that occurs when they cooly 
they will machine out true to formy |) «i | 

The heads, risers, gate pieces and test in 
foundry before tdishop:: ‘are pre- 
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pared and pulled in ihe foundry ‘the, 
machine is located. 


MACHINE WORK:,... 


any | work is.done on a propeller casting it is care- 
fully measured,.and. centers are ‘located, for: boring, out, and 
turning off the blade tips. It.is then centered on the table of a 
vertical boring.;mill, the hub. is. bored out and faced to finish 
sie, and tips of blades; are cut, to the designed diameter. | 
Temporary. keyways) are now cut for holding on mandrel 
while finish facing blades. These are in the position of the 
permanent keyways, but with diminished dimensions, _ 

The machines for facing blades take the casting on a hori- 
zontal tapered mandrel, specially made for each job in hand, 
with taper conforming to that onthe end of propeller’ shaft. 
Where a ‘considerable’ number of propellers are in hand, 
made to the same design, the finish keyways are cut before 
machining faces of blades. The mandrels used in the machines 
shafts. = 

cutting tool i is on a pide sattied: by a feed 
screw along the slide ‘ways of a specially constructed machine. 
This ‘machine in operation causes the tool to advance while 
the mandrel rotates, the relative speed of cutting tool and pro- 
peller being adjusted by change gears so as to cut to the pitch 
required. The motion is reversed automatically, as required, 
by adjustable stops on the bed of the machine. The cutting 
tool is advanced before beginning the advance movement by an 
attendant who adjusts the feed to suit the work and guards 
against casualties in operation. In later machines 0 sree 
tool is advanced automatically, 

Rough cuts:are taken over the face of blade all 
are’ brought to: within about 1/32: inch of the finished surface. 
A finishing tool is — with the same — for finish 
cuts on all blades. 


After nr this the propeller is placed, 
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up, ona laying-off platform ; the faces are whitened and center 
lines of blades are drawn to aid in drawing: contour lines: all 
around. ‘These are center punched lightly at intervals to pre- 
vent: obliteration. The center of blade at the» end) is prick 
punched for transfer of the centér line:'to the back. |The) pro- 
peller is then turned over, the center line is transferred to the 
back, lines ‘are drawn at regular intervals: parallel to center 
line; also concentric curved lines at regular intervals' measured 
from the propeller center:' All these lines are painted on with 
marking ink. 

The next step is to caliper the thickness of blade at each 
intersection, then the difference between this and the known 
finished thickness is painted on, indicating the amount of metal 
that is to be taken off. 

The work is now ready for the finishing gang. Their first 
step is to chisel off the excess width around edges, using pneu- 
matic hammers. The same process is then applied to the whole 
back, where necessary, first cutting grooves about %4 inch wide 
along the various black lines to a depth nearly approaching 
that indicated. Flat chisels are then used to bring the whole 
surface down flush with the bottom of these grooves. The 
final finish on back is with heavy rough files and aaa 
grinders. 

The fillets against the hubs on faces are rounded out in 
much the same manner as is employed in finishing the backs. 
The faces are finished all over by scraping where necessary 
and polishing with blocks faced with emery cloth. 

When the finish work is nearly completed a mandrel is 
fitted and the propeller is mounted on horses for final finish 
and balancing. When completed the wheel is required to 
balance exactly in any position. 

All that remains after balancing is the cutting of keyways.. 
and the fitting of caps and glands. This work requires no 
special mention except that in these works the finished bore, © 
with keyways complete, must be made to fit exactly on a cast- 
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iron mandrel with keys. the end 
of the propeller shaft. rh to 

-)Finally,;: with’ the the: .of the 
finished! propeller is stamped with: the mark. showing ‘that: it 
has passed inspection ‘and also with identification marks to 
individualize it. These include, beside the inspectot’s: special 
stamp, the heat number, the weight, the name of the vessel, if 
for a particular vessel, initials indicating right or left ‘hand, 
and any other special marking that may be directed, ©) 
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s. PRESENTED WITH BUST oF. ADMIRAL 


At its in 1917, the ‘American of 
Mechanical Engineers .was_ presented with a portrait of Admiral 
Benjamin Franklin Isherwood, who.was for many years, up. to the. time 
of his death, an. honorary member of the society. The was a gift 
from a.number of the friends and admirers of. the Admiral. . The, presenta- 
tion to have been made. by Commodore: George ‘Magee, 
U, S.;Navy, who had; been an. old friend:and. assistant .of. Isher- 
wood; unfortunately, however, Commodore. Magee was taken. ill, and that 
pleasant duty devolved upon, W..M. McFarland, 

Mr.. McFarland. pointed,.out that. the special. glory of. Admiral Isher- 
wood’s work was that he helped to establish a number of ,the important 
basic Principles of the. science, of, engineering. He stated. that. the first 
reproduction, of actual indicator cards. from a, marine. engine. in: 
any book. was.in Isherwood’s work Engineering 
lished about 1856.\ He said further: .. 

. “His. reports, of .experiments. are of what such should 
he, They. include a complete description. of the apparatus; andj the log of 
the experiment, ‘in each: case, gives, all: the data, which could.-be observed, 
whether ‘they. were. immediately to the purpose of ithe experi- 
ment or not, The. result,of this, is that these reports constitute a mine of 
valuable information;.and, other engineers, ..many years after, 
information, en.an entirely different, line from that;for which the. experi- 
ment,, was. ‘conducted, find .in.the complete and -careful,:record just; the 
information they, want,.and: which often can found nowhere else:”) 

.written. address. of .Commodore; Magee, which..was..read. by, Mr. 
McFarland, referred |to the great, value of ‘Isherwood’s experimental. work 
on. such subjects.as the expansive working of. steam,’ screw, ers, the 
use of superheated steam and the, use of :foaced draft, » Commodore 
Magee characterized; Admiral Isherwood as ‘ the greatest marine engineer 
who has thus far appeared.in our country,” and not only.a great: engineer, 
but a eat administrator and 

ollis, President of the A..S:.M. Ey i in, accepting the: bust on, behalf 
the society, spoke. of his personal acquaintance, with Admiral, Isherwood 
at the. Naval Academy and’ said. he his service! for the Admiral 
as perhaps the proudest, of his life....Continuing, 
I think of him as perhaps the father of our. great research laboratories 
i engineering, as his investigations in connection with steam engines and 
with boilers preceded. all, of our schools. of .mechanical engineering... I 
think of him also as,the father of high speed.on the sea. Few le 
realize, that it was Benjamin..F. Isherwood, who, during the Civil, War 
d: and. carried. to: its completion. the first ocean, greyhound,..a ship 
which: went.outside along. the Jersey coast and, made hundred miles. 
in one, day wan: set. 
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MELTING METALS. 
By Watrter J. May. 


In recent times there appears to have arisen an idea that because a metal 
_ requires so many degrees of heat to ensure that it is in a state of fusion, 

and that as a certain weight of fuel—usually metallurgical coke—contains 
the possibility of producing that number of: degrees of heat under suitable 
conditions in regard to combustion, all that has to be done is to burn the 
. fuel in more or less intimate connection with the metal and the metal melts. 

No attention is paid to the condition of the metal, the form of furnace, the 
time required by the metal for the absorption’! of heat, or other practical 
details, and above all no consideration is paid to the condition of the molten 
metal in regard to the purpose to which it is to be placed. Of course, up 
to a certain point the heat content (when developed) of the fuel has to be 
considered; but merely because Professor X states that 3: pounds of ‘fuel 
has a sufficient thermal content to fuse 100 pounds of gray iron, it does 
not follow that in practice 3 pounds of fuel will reduce that weight of iron 
to a condition fit for making castings, while probably if the total heat 
evolved was suddenly put on 100 pounds of pig iron the only effect would 
be a slight warming of the outside of the pieces of metal. Not one, but all 
conditions used’ have to be considered, and in practice there has also to be 
taken into very serious consideration heat losses' which are unavoidable, 
and under the best conditions and care in working, Professor X's 3 pounds 
of fuel will come out at from 9 pounds to 12 pounds.’ This does not for 
one moment imply that Professor X is wrong, but it points out that his 
conditions cannot be reached in practical working, and it is here that a 
great amount of wasted experiment'is made in trying to secure that: which 
is unattainable outside the laboratory. What should be and what is 
actually secured differ very widely, and when we consider that the primary 
purpose of all foundry melting is to secure molten metal fit for the pro- 
duction of castings, the question of fuel consumption outside certain fairly 
well-defined limits becomes a minor matter when’ compared with some 
other points in regard to the production of the metal, sound castings at a 
remunerative total cost being the chief object in view. PBL 
As metals at certain crucial temperatures will absorb matter in ‘a’ gas- 
eous state, it follows that fuel should be as pure carbon as possible, sulphur 
and metallic salts being as far as possible absent.’ Usually, gas coke is 
dirty, some’ samples being worse than others, and for this reason ‘clean and 
specially prepared metallurgical coke should be used. The cost per cwt. 
of metal melted is less with the metallurgical coke, and the plumbago 
‘efucibles last longer, and really, although the cost is about double that of 
gas coke where mere tonnage is concerned, the metallurgical coke ‘costs in 
the end much less, as'a’ smaller weight of fuel and fewer crucibles are 
needed to melt a given weight of metal, 

Time is an important point in metal melting, because the absorption of 
heat is gradual, varying according to the bulk: of the pieces of metal dealt 
with. Fairly light scrap comes down quicker than ingots, and ingots put 
into a bath of molten metal will absorb heat quicker and fuse sooner than 
those stood in an otherwise empty ‘crucible. Wire gauze and the like will 
only melt in a bath of metal, such things simply burning away when other- 
wise dealt with, and in some furnaces such things as fine turnings and 
borings ‘can only be reduced in a bath of metal. Aluminum scrap has to be 
treated with other than mere heat when light’ stuff is being handled, and — 
zine scrap will often need special treatment to get good returns in metal, 
although ' ‘solid metal presents no difficulty in melting. These details,’ al- 
though well ‘known to’ the actual’ melters of metals, are often too’ much 
overlooked by those who have charge of the foundry department, there 
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usually Mer | too much passing over of what really is of importance, and 
this in itself causes an appearance of waste—or economy iti some cases— 
which has no real base in practical working. Aluminum is a disconcerting 
metal to melt when one is not up to its little vagaries, because while taki 
only a low heat to' melt it fit for pouring, the bars of metal will often sta 
in the crucible a long time before they drop in a liquefied state, and then 
collapse suddenly. On the other hand, if we place a bar in a bath of 
molten brass we wait a very short time and ‘then there is a flash of brilliant 
flame, at times a small explosion of little importance, and then the alloy of 
brass and aluminum is complete, a bar which melted by itself would take 
quite half an hour to bring down being alloyed with a pot of brass in some 


_ five minutes or so. In making copper-tin alloys also, if we first melt our 


copper and then add the tin we have to burn much more coke than if we 
bring the copper to a full heat and then place the tin 2 top of it, asin 
running down the tin brings down the copper, provided the mass of the 
copper is already heated to within some 500 degrees F, of fusing point, the 
content ofthe copper, of: course, exercising some influence. In nearly all 
cases where melting or alloying is done, granulated charcoal: should be in 
the crucibles, but in both air furnaces and cupolas the reheniny atmosphere 
has to be maintained: by other means. 

Where, however, the freedom from carbon is a necessity, as, for instance, 

in Mitis iron,’ bronze containing a high percentage of iron, anda few other 
things, charcoal cannot be used in the crucibles, close covering being prac- 
tically all that can be done; but as little free oxygen as possible should be 
present in thé furnace, a very ‘careful balancin; cing of the forced draft with 
the fuel consumption being needed, and no hard-and-fast rules can be laid 
down in the matter. Certainly, there is no’ great difficulty in alloying 
carbon-free iron and copper together in ‘almost any proportions, but when 
carbon gets into the metal trouble arises. Bronze made ofc ft, iron and 
zine chiefly, is a practically incorrodible alloy, but hecessarityt e must: be 
a limit to the percentage of iron for physicali reasons.) 
In for melting, metals ‘and alloys should: be grouped 
according to their melting points, and this’ will permit the furnace man to - 
arrange his fires according to the heat which has to be used to bring the 
metal to its most fluid state for pouring, while incidentally a considerable 
economy in the cost of crucibles can be effected in the process, a: less 
refractory material being needed for soft alloys than for iron and copper. 
In some cases the crucibles need liners for dealing with particular metals 
and alloys, but this does ng affect: the: refractory state. or grade of the 
crucible proper. | 

In the actual melting it is heihie: important that the. scrviaiblos should be 
closely filled to ensure that the: heat transmitted through the crucible walls 
shall as far: as possible be picked up and:absorbed by ‘the metal, it being 

advantageous also that covers’ be on the crucible to retain: the heat, al- 
though these: need» not necessarily be luted on in many cases. It is, also 
necessary that the fuel used should Be of moderate size, free 
stuff and dust; and that the furnace be properly packed with fuel to: ensure 
the maximum heat for the peridd necessary to melt the metal,’ due consid- 
eration being paid to the draft available in each. particular furnace: 

With cupola melting it is necessary as far as. practicable to. prevent the 
heat creeping up the furnace walls and escaping without. effecting its 
proper work,:and in this respect a large amount of cate is necessary in 
putting on the charges. Indeed, the man: who is; entrusted: with, the care 
of ai cupola requires to have, goodly. amount, of knowledge. of. the be- 
havior of his furnace and how to get the greatest melting effort from; the 
material: used,: a: close, sticky massin the center with a; free escape .of 
heated gases around the walls of the furnace not conducing to the best 
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results in either melting or quality of metal. It is really quite possible to 
fool away from 25.to 30 per cent of the weight of metal in fuel where 12 
per cent should be more than ample to secure far better results, but in all 
cases the matter-is largely a personal one, although the general arrange- 
ment of the furnace and blowing apparatus also has much to do. with. the 
matter. 

In the air furnace. the, general arrangement and the fuel used ‘usually 
govern the results obtained, alt although the placing of the metal to be melted 
into particular positions will considerably alter the rate of melting. Indi- 
vidual ‘practice in charging causes many variations in the results obtained, 
we for these reasons one man should always be placed in charge of the 

urnace, 

With forced-draft crucible and other furnaces there is leas! left. to ‘elear- 
ance than with those having natural draft only; provided the. man in 
charge has a good knowledge of melting and the relation of the propor- 
tion of air to fuel, the working being more of a positive than permissive 
state of things. The furnaces for: forced-blast work are designed to give 
the best results under certain clearly defined conditions, to. depart from 
which. means some. larger. or smaller. amount of inefficiency, for which 
reason the operator must follow the mommetete given. by the makers of 
the particular apparatus which is being used. 

Gas furnaces may very well be used for some metals;: ‘and the same 
remark applies to oil furnaces; but unless care is taken the crucibles get 
—_— cut, and the results do not prove quite so satisfactory as one is led 

to expect when the total cost of the production of castings ‘is considered. 
Really, either gas or oil should give better net results than those obtained 
from ‘solid fuel, but for some reasonthis does not appear to be the uni- 
versal experience of users of such furnaces, and possibly something must 
be allowed for insufficient knowledge of manipulation, plus individual, per- 
sonal prejudices against innovations which by a certain class of workers 
are resented. There is too: much of the “My grandfather always carried 
a stable lantern when he wanted light on the road, therefore why should 
we put up gas lamps? What: was good enough for him should be good 
enough: for me,” sort of feeling still existent, and this largely prevents 
progress, although there aré also defects in> many of the furnaces which 
should be overcome by the makers. 

Beyond the mere ‘reduction of the solid’ metal to:a condition enabling it 
tobe poured into a mold quite independently of the kind of casting that 
will be produced, there is the further necessity that the metal shall be clean 
and produce sound castings, causing some form of other: than heat 
treatment to be necessary.’ As’a» general thing ‘the removal: of occluded 
oxides and the solution of the pasty metal with which the ‘particles of 
oxide are surrounded forms the objective of the treatment given, it being 

usual'to use some chloride or: fluoride—with possibly the addition. of some 
other agent or agents—for ‘this se, but in the case of many metals a 
chloride proves most’ effective.’ Salammoniac and ‘zinc ‘chloride as a dry 
salt are two commonly used chlorides for:non-ferrous metals, and for iron 
amore or less ‘properly prepared iron: ‘chloride, or ‘an alloy of aluminum, 
will be found'in general:use; For specific purposes ‘othér salts and alloys 
are also used with more) or less successful results, the object with which 
these substances are applied usually being well defined: Mostly, however, 
“fluxes” act simply’as:deoxydants and nothing more, but some of the pro- — 
prietary articles are most-wonderfully concocted, most of their constituents 
either’ being inert‘or ‘counteracting one another's action. As a rule a simple 
chemical will effect all that is needed so’ far as the production of clean 
metal is concerned, the cost small in ‘ordinary: times.) It 
may be particularly mentioned, however, that there'is'no one 
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“flux” that is effective. with all metals alike,.and eyen boron, which is 
effective with copper and copper alloys, in one or other of its commercial 
forms, will form bad compounds with some other metals and alloys; 
therefore each “ flux” must be carefully selected for the metal and purpose 
for which it is intended to be used. ; 
Apart from all mechanical considerations there is a great deal in the 
human element part, of the matter, some men being able to secure. high 
results apparently automatically, whilst others can be taught.and drilled 
for years and then produce only partially successful results. It is impossi- 
ble to knock into the heads. of some, men that iron requires a greater heat 
than brass. or aluminum, while they. will burn lead into thick. porridge and 
send zinc up the chimney. Also one cannot prevent some men from stew- 
ing molten metal for hours “because it might be wanted today,” and such 
men waste crucibles, fuel and metal quite foolishly,. because the longer 
molten metal: stands the worse it becomes for making castings. Metal of 
all kinds must be poured as soon as ready if the best castings are required, 
and the pouring héat. is, not much above the melting point, although it 
_ varies in different metals and alloys; but in any case the molds should be 
ready before the metal is fit to pour. Surplus metal, or that which cannot 
be at once used, should be poured into bars or ingot, for remelting instead 
of being kept in a molten state, keeping metal melted. for long periods 
causing it a lot of injury as well as altering the content of alloys in 
many cases. is lita ba 
|. Taken as a whole, melting is as important as molding in a foundry, and 
deserves the same attention, and in its own way, skill, the employment of 
any spare laborer for the job irrespective of his training being rather an 
ill-advised. proceeding, although often adopted. To melt properly and 
well a man, must have a, lot of ' practical training, or there will be a good 
many. castings returned for metal faults.‘ Mechanical World.” 


AND HIGH-SPEED STEEL. 

The purpose of the present article is to describe the processes of Saag x 4 i 
high-speed steel by alloying pure tungsten obtained from wolframite wi 
iron. The former metal is used to the extent of 18 per cent to 20, per 
cent, and the essential and, remarkable qualities. of the alloy are. mainly 

Tungsten powder is, of course, also produced abroad, but British | 
requirements are now supplied from: Widnes, No.other alloy. equals the 
high-speed steels and vanadium high-speed steels manufactured, by. makers 
of repute in Sheffield and: Manchester; they are undoubtedly. superior for 
all purposes where’ heavy and: continuous, work is. required. The, processes 
we describe are jessentially those employed. by ‘the companies obtaining 
their supplies of tungsten from the Widnes works; in the aggregate, these 
firms form a very important portion of industrial Sheffield, both.as. regards 
output, capital ‘as. employers of ,labor.; .These companies. ;have 
only maintained a world-renowned reputation for the.,production. of; tool 
steel, they have also. given: a. lead to. the engineers,.of:.the world. by the 
splendid results obtained..by means of their high-speed, steels, and more 
especially by ‘the more recent introduction of tungsten-chrome-vanadium 
high-speed steel.,. The ‘consumption. of. tool steel is very great at. the. 

esent time;, the companies referred to above had.a combined output of 

igh-speed steel prior to the war of from 70 per. cent to 80-per,cent,of the 
High-speed steel obtained its name on account ofits qualities, and 
characteristics, which may be: summarized as follows: the, great, increase 
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high speed with which work can be turned out of f the ag The increase 
in output, however, is not only due to depth of cut and surface speed, but 
mainly to. the quality of retaining a cutting edge or face 
to resist the wear and pressure of the chip being removed from the stock, 
even when the tool nose becomes red hot, which gives high-speed steel 
its great advantage over carbon steel, It may be interesting at this point 
to ene a brief résumé of the various: processes of ‘manufacture, which are 
as follow: 

1. By the well-known melting hole or furnace, in which the material is 
melted in arene or plumbago crucibles, the heat being obtained from 
coke by natural draft. 

2. The same’ method as the first, but with producer gas in place of coke. 

3, By means of the Siemens furnace. 

4, By the same process as the first, but with the addition of forced draft 
in —— of the natural draft. 

5. By melting in one of the varieties of the electric’ fattiaioes 

The first method of melting steel was ‘introduced into Sheffield as far 
back as 1740 by Huntsman; it is’ by his method that the town has built 
up its reputation for tool steel, which it enjoys at the present, time. 
Methods 2, 3, 4 and 5 have advantages, and ‘several makers claim special 
virtues for their particular output, nevertheless the crucible process (meth- 
ods 1 and 2 above), in spite of its considerable antiquity, continues to 
maintain its superiority over the other processes; it is therefore the method 
of manufacture preferred, practically without exception, by all companies 
of repute. The plant required for the first process is as follows: 

(a). The melting furnaces, which consist ofa ‘seri¢s of small chambers 
called “holes,” built below the floor level of the furnace room, the top | 
being closed ‘by a firebrick cover,’ whilst the' bottom is” built around a 
cast-iron frame, which supports a series of fire or grate bars. There is 
a flue from the top of each “hole” connected with the chimney stack,- 
by means of which the draft necessary for the melting is obtained. These 
furnaces are each large enough to accommodate two crucibles or pots and 
the necessary fuel’ (i.¢., coke) for melting. je 

'0¢b) ‘The crucible or pot and its lid. 

An annealing grate in which the are preheated 0 or 
annealed before being placed in the melting furnace. 

coke with a sulphur content as low. as -eomimercially 
poss 

(e) Cast-iron molds: of various shapes into which the metal is poured 
when melted to form ingots. 

(f) *Dozzles” or fireclay “feeders,” which are pit, on the top of the 
ingot immediately it is cast, to reduce the amount of “pipe,” or, in other 
words, the unsound and. therefore unusable portion of. the ingot, to a 
minimum. 

The’ essential materials, apart from tungsten, required for ‘the groduic- 
tion of high-speed steel vary to some extent in the different works engaged 
in the manufacture of this class of steel. In most houses of repute the 
basis is the exceptionally pure form of iron imported from ‘Sweden and 
sent to this country in the form of iron bars, hammered or rdlled, accord- 
ing to the quality of the steel to be made. If the iron has been pre- 
viously “cemented” it is easily broken to the Siete size. 

The standard section is 3 inches by 5% inch. lengths varying as may 
ye! found convenient. ' The first step in the process is to cut up these bars 
into small pieces, square or triangular, of, say 2 square ‘inches or 3 square 
inches of area each; these, coming: straight from the store, may be more 
or less covered with rust, except on the cut surfaces; ‘most ‘of the firms 
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use them in this state, but some remove the rust so as to render the final 
product as free from the oxide as possible. This is effected by throwing 
the material into ‘a rapidly revolving “rumble,” in which the rvst, or 
oxide, is effectually removed, but this process ‘is not absolutely essential. 
In addition to the Swedish iron’a proportion of suitable scrap is also used; 
a considerable supply obtained from various sources is available; its use 
reduces the consumption of imported Swedish iron and constitutes an 
important and desirable economy. ; ie 

The second step in the process of making high-speed: steel is a very 
important one. According to the class of stéel requiréd the ingredients 
have to be mixed with the greatest care and accuracy in’ accordance with 


_ detailed specifications, in which the wéights and quantities have been 


worked out. The department in which this operation takes place is known 
as the “weigh-up house,” and in some of the’ works’ as’ the “medicine 
house.” The materials as weighed are put into a flat; open pan, a separate 
weigh pan being reserved for each pot or crucible. ‘The materials’ mixed 
and weighed are the Swedish iron, scrap, tungsten, chromium and, when 
necessary, vanadium, molybdenum, manganese, silicon and carbon! Some 
manufacturers substitute other alloys for one’or more of the foregoing, 
but they need not be further’ referred to in'this article, which’ is' limited 
to Sheffield’s best quality of high-speed steel. The weigh pans; with their 
carefully ‘sorted and weighed contents, are transferred to the adjoining 
melting house, where the crucibles are being raised to such a' temperature 
as 'to make it safe to transfer the contents of' the weigh pans to them. 

The melting house is a building containing two ranges of furnaces, one 
down ‘each ‘side. These ‘furnates are, as stated above, a series of’ small 
chambers built below the floor level, with movable ‘covers level with the 
floor ‘and’ vertical flues built in the thickness of thé walls. 

Two “pot stands”—which are generally the two halves of an ordinary 
firebrick “square,” but in some casés are of ‘special preparations—are 
placed on the grate bars of the furnaces ‘or ‘holes, one for each of the 
two crucibles in each furnace. The crucibles, which ate about 18 inches 
in height and 9 inches in their greatest diameter, are very rapidly trans- 
ferred from the crucible annealing grate and placed''one upon each of 
the pot stands already in the furnaces. Live coals’ are heaped round the 
bottom of thecrucibles, and the fire is built up’ with ‘coke or coal, as the 
melter may consider desirable. ‘After the lapse’ of possibly an hour, or an 


_ hour and ‘a half, the temperature is such ‘that it is safe to introduce the 


materials ‘to be melted into the ‘crucibles. The contents of a weigh pan 
are emptied into each crucible’ by’ means of a metal funnel or cylinder 
known as a “charger,” about 4 feet in length, with the opening wider at 
the top than at the bottom. When the charger mentioned above is in 
position a man with a long’ poker or “potter,” as it is called; prevents 
the fall of any specially large piece from’ thé weigh pati by breaking ‘it, 
and thus avoids any possible damage to the crucible. This process is the 
“steeling of the pots.” ' Stéeeling: completed, the lids’ are ‘caréfully placed 
on the crucibles, the fires built up with coke until the crucibles are com- 
pletely covered, and the ee process commences. The charge is left 
in the crucible for approximately 4 or 4%4 hours, when the m then in 
the form of high-speed steel, but in a molten condition, is ready for. 
“teeming.” Ingots of almost any weight can be cast, from 40: pounds to 
10 tons or 20 tons, where the united capacity of the furnaces will allow 
that to be done. ig 
‘The weight melted in each pot is subject to variation in different works, 
but on an average is approximately 60 pounds per pot. To. each of the 


' men in a gang some special duty is allotted. There are two “ pullers” 


for every 24 crucibles, and their duties are to pull the crucibles out of 
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the melting holes on to floor level. Having lifted the crucible out iia 
clear of the top of the hole, they slowly revolve the pot whilst one of the 
otheremen chips away the slag and dirt which have adhered to the bottom 
of the crucible, This is done for the double reason of not only reducing 
the weight that. the teemer has to lift, but also to make it easier to put 
the crucible, when empty, back into its place in. the hole.. When the slag 
has been removed the puller slides the crucible along the floor to the 
place where the teemer is waiting to do his share of the work. 

Molds.—Alongside is a’series of cast-iron molds, which are generally 
about 3 inches square in cross-section, and 30 inches in length. They are 
arranged so that the top is at a convenient height for the teemer, who, 
by means of a ial pair of iongs, has to pick up the crucible and slowly 
_ pour the white-hot contents into the mold. To do this properly. requires © 

considerable knack and skill, because it is essential that the stream of 
molten metal shall from the first go straight to the bottom of the mold 
without even momentarily touching any of the four. sides during the 
operation, When the metal has risen to within, say, 3, inches of the top 
of the mold, a “dozzle,” which. has been, previously. heated in one of the 
holes, is quickly dropped on top of the metal in the mold, and held in 
position whilst, the few pounds of. metal, remaining. in the crucible are 
poured through its center. 

Dozale-—The dozzle is a small block. of fireclay, just large 
enough to fit into the top of the mold, about 4 inches long, with a h 
from 1% inches to 1% inches in diameter running longitudinally through 
its center. It serves to keep this last portion of the metal hot, and as 
the ingot cools, and also contracts, the portion in the dozzle tends to 
sink down or feed into the main body of the ingot and so fill, what would 
otherwise be a cavity or pipe caused by the shrinkage of the cooling metal. 
The dozzle not only reduces the pipe in the top part of the ingot, which 
at all costs must be discarded, but also minimizes the weight of metal 
immediately surrounding the part, which of necessity has to | be scrapped. 

Topping—The process of eliminating the pipe is called “topping,” and 
consists of breaking pieces from. the top or dozzle-feed end, of the ingot 
till all.“ pipe” or unsoundness has been removed and only good, sound 
steel remains, This: topping also serves, to reveal any fracture of the 
ingot, and from this the experienced eye is able to judge whether or. not 
the material has been properly treated, during, the melting process.. 

The empty crucibles are then lowered .into. the furnace to’ be reheated, 
and as soon as the necessary temperature has been reached they. are refilled 
with another charge; the operations: described: in detail, above’ ate then in 
due course repeated. 

Analysis.—Before the ingots. are available ‘ions other processes they are 
kept in hand until the chemist has. made a complete analysis: A typical 
analysis of the tungsten-chrome-vanadium variety of tool steel, which, as 
already. stated, has a leading place amongst the competing steel alloys 
where to, be: is: ly as. follows: 
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The melting’process has: been properly. 

2) The analysis is within reasonable limits of the specification; 

: The surface of the ingot is smooth and clean; 

the ingot is’allowed ‘to'go to the forge 

 Forging—The ingot is first ‘put into in. whieh the: is 
very slow and'gfadual from almost cold to a dull red. “It is’ then ‘trans- 
ferred to ‘a hotter furnace, and is kept ‘there till’ thoroughly’ “soaked.” 
Tf the ingots’ have ‘been ‘carefully and thoroughly soaked the forging of 
the steel’ presents no very serious difficulties, but should any hammer work 
be attempted before the heating has ‘been’ done it would almost ‘certainly 
result in the ingot breaking up in all’ directions, or at any rate cracking 
in ‘such ‘a’ way as*'to render the steel useless for the mafufacture of 

cutting tools: ‘The'reduction in ‘size by the hammer is at this stage very 
slight, anid is called the “cogging process.” After races the bars are 
allowed to cool, being placed in closed’ boxes or in hot: ashes so as to avoid 
too rapid cooling. ‘9 

Pickling —The bars ‘are’ next pickled ina bath of hot dilute -selptraric 
acid or some suitable substitute, such as niter cake.. The acid removes the 

scale or oxide that has° formed during’ the cogging process.. The bars, 
on being withdrawn from the acid, are carefully’ washed in clean water, 
or in some works in'lime water. In this state any slight cracks or other 
surface defects are readily detected, and the‘ bars are looked over before 
any rust begins to form. The duty of the “looker over” is to' detect even 
the’ slightest’ hair-like crack or other defect, and near these he paints a 
white mark’: The ‘bars so matked are placed ‘on special” benches, where 
the defects are carefully ground’ away by means of corundum’ ‘wheels. 
The ground bars are now ready for the finishing process. 

Finishing.—Finishing is done by one of ‘three means: (1) The for; rging 
hammers (any hammer with a capacity of over 12 cwt.); (2) the “tilts 
(small hammers’ of ‘under’ 12 cwt. capacity) ; or (3) the rolling mill. 
The particular process to be used depends’ upon’ the required size of the 
finished“ bar, “and, as a more or less general rule, larger sizes are ham- 
mered, medium sizes tilted; and small ‘sizes’ rolled. In any of these 
methods the ‘temperature at which the ‘material is worked is of the greatest 
importance, just as in the case of cogging. ‘When a sufficiently high tem- 
perature’ is’ maintained no serious difficulties are’ met, but ahy attempt to 
work at a‘ low temperature invariably brings disaster and the bar 


‘the tilting process the bars’ are. worked to’ the 
desired section and size under small power-driven (steam or pneumatic) 
hammers of from, ‘say, 4 cwt. to 12 cwt. capacity: These’ hammers do 
their work by a series of very rapid blows, which’ may’ be heavy or light, 
as desired. “When the required dimensions are attained the bar is straight- 
ened ‘and allowed to cool, having” first’ been’ protected from cold: air, as in 
te rolli proces th bar is lled, generally 

in the old f fashioned “two-high” mit 

Avinealing —There are numerous types of furnace ‘the 
general gee ay of each is the same. In these ftirnaces several bars ‘are 
generally packed ‘together in a more or less cold furnace. The tempera- 
ture is gradually raised, and having reached the desired maximum the 
heat ‘is maintained at this for about an hour, and the furnace’ and con- 
tents are allowed to cool as slowly as Aste after which’ ‘the. bars are 
again pickled. . 

"Inspection.-Finally the bars are taken to the’ stee warehouse. Here 
ey are most carefully looked over for’ def a ‘small’ piece 
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is broken from both ends of each bar. Those showing the least defect 
are discarded or scrapped, whilst the sound ones, after being marked with 
the maker’s name, are ready for delivery to the manufacturer of the tools 
for which the steel is intended. 

The Manufacture of the Crucibles—It is all-important for |the successful 
production of high-speed steel that the crucibles should be perfect, and 
the greatest. care is devoted to their production, as: even the, slightest 
defect might result in the loss of the metal when they are charged. 
These crucibles are generally made at each of the. works producing high- 
speed steel, and a department with its special staff, of trained, men is set 
apart-for. the purpose. A variety of carefully selected clays. are. used, 
very finely ground, which are, mixed as regards quantity and quality. in 
accordance, with the judgment of the pot maker in charge of the depart- — 
ment.. The clay is carefully. weighed out in. suitable quantities, then spread 
on.an iron floor, known as the “treading” floor, which is a large rect- 
angular, tray. with sides 6 inches. in height, on which it: is.,thoroughly 
sieved and mixed in the dry state, and any foreign matter found is 
immediately removed. Water. is then added, and the, clay is again thor- 
oughly mixed, by means of a shovel, kneaded and compressed to force out 
air, also for the detection andi removal of any substance such as a pin, 
piece of wire, or anything else which might otherwise get into the sub- 
stance of the crucible. ,This.is the so-called. treading, process, which ‘has 
been. compared to the, kneading of bread, but instead of being done by the 
hands, as in the case of, bread, it is done by the naked. foot, The foot 
being sensitive, any. objectionable or dangerous: foreign matter which may 
have slipped. through, the sieve by accident can be detected and, removed. 
The clay is then cut. into. blocks: and weighed, each sufficient for, the pro- 
duction of one crucible,.and taken to the “balling table” to be..“ balled” ; 
that is, beaten, tossed. and boned by hand, and again carefully examined 
for air pockets or cavities. The experienced eye of the “baller” can at 
once detect the presence of any air pockets by the, slight swelling on the 
surface of the clay produced :as the mass.is banged on the table. 
Any such swelling is.opened out and the air liberated; the process is con- 
tinued \until the block. of, clay has. been brought: to a thoroughly homo- 
geneous mass. The. blocks, about.12 inches by 9 inches by 6 inches, are 
then ready to be transferred to the. “plug and flask,” in which the plastic 
clay is plugged or; molded to shape by means of a ram forced vertically 
into a mold. . The pots are then removed to a:drying house, or in some 
works to a cellar, where they are kept for at least a month, during which 
~ the moisture gradually dries out.. They are then transferred to the furnace 
house described above and placed on shelves fixed to the walls above the 
furnaces or melting holes until they are required. About 21 hours before 
that the crucibles required for one day’s work are placed in an anneali 
grate built at one,end of the furnace house and. are placed on bars with 
just enough space. between the crucibles to allow them to be completely 
packed and covered with small coke until the grate. is. filled to the top. 
Sufficient fire is. then put underneath the grate bars to start the coke burn- 
ing at the back and bottom of the annealing grate. The fire gradually 
works its way forwards.and upwards, until the whole mass of coke in the 
annealing grate, with the included crucibles or pots, is aglow.,. This opera- 
tion has to be carefully, watched, and requires judgment and. experience 
so,as to avoid over or under. annealing, known among the men_as “ hot- 
nailing” or, “slack nailing.” . The crucibles, in their red-hot condition, are 
then ready for, use, that is, to be transferred to the furnaces or melting 
holes and the process described above. ae 

. The crucibles are generally only used twice, very occasionally three times, 
but in some works they are made to produce two rounds of high-speed 
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1 and one. of carbons or one round.of. thighrspeed steel, one, 
pal ial carbon tool steel, atte third round of file steel, as may be requirec 


output of the works making high-speed steel being extremely varied. 
weight of an annealed pot as used in the high-speed. steel. processes 
iled above is, on the average, about 30 pounds, occasionally more .or 
less ; whilst the quantity.of material which these crucibles, or pots can con- 


COBALT-CROM, ‘THE NEW STEEL ALLOY. 


“Widespread. interest been, aroused by the announcement on. behalf 
of Messrs, Darwin and } ilner, of Sheffield, of the discovery of.a tool steel 
stated to be equal in. durability and hardness to ueleenced: steel, yet of 
which tungsten isnot a component... ‘Cobalt-crom,” as the new steel is 
called, is the outcome of much experiment and labor, extending over many 
i on the part of the. head of the firm of Darwin and Milner... He had 
long been experimenting in the direction of finding a steel which could. be 
made, without tungsten but would. possess the necessary hardness. of. the 
so-called “high-speed” steels. About twelve months ago. he discovered 
that by adding cobalt to chromium-carbon steel he converted..a steel, which 
had no appreciable red-cutting hardness into one which had this very val- 
uable qualification. 

It is a fairly well known fact that while Apngsicn ur oF speed steel has 
for some years past been extensively used for turning, planing and slotting 
tools, it has not been used so largely for milling cutters, taps, reamers, etc. 
It is estimated by Messrs. Darwin and Milner that of all the, milling cut- 
ters, etc., used in the engineering world, at least 90’ per cent are still being 
manufactured from carbon’ steel, whereas, on the other hand, the reverse 
is the case with turning tools, nine-tenths of which are made from tungsten 
high-speed steel. In the opinion of the firm the reason that high-speed 
steel has not been applied largely for milling ‘cutters,’ taps, etc., fies in the 
difficulty which the tool maker experiences in hardening such tools havi 
fine edges at the high heat required to secure from tungsten high-spe 
steel its best cutting efficiency. Tungsten high-speed’ steel requires harden- 
ing at from 1,250 degrees to 1,350 degrees C. if the best results are ‘desired. 
- try and obtain this heat for milling cutters is very risky, and’ to Raiden 

lower heat gives less satisfactory results. 
en the war broke out Sheffield’ firms received instructions that 

penis, make milling cutters and taps from the very' best high-speed stee 
but’ there was endless trouble through the hardening process alone, with 
the result that carbon steel was soon substituted. Now it has been found 
that the maximum heat necessary for the hardening’ of the’ new steel is 
only 1,000 degrees C. As a matter of fact, if this heat is exceeded the tools 
give adverse results. This allows of the thanufa¢ture of firie- 
edgéd toolg of a perfectly satisfactory character with the red-cutting hard- 
ness of the tungsten high-speed steel. Hardening ‘i in’practically all applica- 
tions is stated to be satisfactory when the tool is allowed to cool naturally 
in still air free from drafts and currents,’ whereas with the tungsten 
high-speed’ steel, hardening from the extreme high heat renders it neces- 
sary to quench 'either wit a strong air blast or a sudden immersion in 
liquid. Messrs; Darwin ‘and Milner state that with the new steel it is 
possible to get absolutely the same standard of hardness throughout. ~— 
_ ‘Samples of, the steel have been tested in a large number of important 
works throughout the country, and have shown that the cobalt-crom ‘is 
specially suitable for milling cutters, twist drills, reamers, taps, automatic 
forming tools, screw cutting, finishing tools generally, for Siecle gun- 
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metal and yellow as''well as for high-endurance drawing and 
blanking dies,"lathe centers, shear blades, aeroplane’ and automobile com- 
bustion-engine valves, and every description of gages and instruments 
which fave to resist abrasion: A test has been made showing that with a 
éarbon' steel blade saws can cut for half a day, with a tungsten high-speed 
steel blade for two days, but with the ‘new steel four days without the need 
of grinding. Weare inforthed also that particulars have come to hand of 
tests made in America between the new steel and the Becker iridium- 
cobalt-tungsten high-speed steel, these the steel to be 
the equal of the famous American product. 

Messrs. Darwin and Milner have applied ‘for patent rights the world 
over, including ‘by permission ‘of the Patent Office’ authorities, Germany 
and Austria. A point which should not be overlooked is that the cutting 
efficiency of the new steel is quité equal, even in the form of castings, to 
that of tools made from the forged or rolled bar in which high-speed steel 
is supplied commercially, and as the’ material in the molten state is much 
more liquid than high-speed steel, it Jends itself'to all forms of tool-form 
castings. We are informed that ‘the makers are preparing to put into 
operation an organization to supply orders for milling cutter blanks in this 
new steel within 48 hours, and this should be of great assistance to engi- 
neering ‘in | times Tike the present — “Page's 


USE OF VANADIUM IN ‘STEEL. MAKING? 


discussion is almost entirely to. the of 
pearlitic-vanadium-ternary steel, or simple. carbon-vanadium steel, and will 
not more than briefly touch on the quaternary-vanadium steels. First, 
however, the writer wishes to touch briefly na. still somewhat preva- 
lent popular idea that vanadium: is a powerful scavenger, and that the 
beneficial effects of its use in. steel are principally due. to its. removal of 
minute, residual amounts of. oxygen and. nitrogen from the steel, It has 
even. been advanced by some individuals that when all the vanadium added 
has been completely used up in scavenging, and none remains in the steel, 
all, the improvement or beneficial effects possible have been accomplished; 
despite the fact that there is an increase in the mechanical properties of the 
steel with increasing amounts of vanadium present, and that vanadium ‘has 
equally as. great: beneficial. effects. in steels made. under reducing. conditions 
such as crucible and electric-furnace steels, asin. the case, of steels: made 
under oxidizing conditions like open-hearth and Bessemer steels. While, it 
is true that vanadium oxidizes readily and will combine with mirogse, its 
value as a scavenger: is negligible, as; there are. much, cheaper. metal nein 
are as. effective, or. perhaps. more ‘so. 

| The remarkable effects of vanadium .on steel are., due. entirel ly to 
presence in the steel an.alloying element, and. its: imfluence.on. the 
constituents with which. it; is. in combination..,When added to. steel it is 
found in both the main. constituents, ferrite and,pearlite, but principally in| 
the. latter. Only a, few. hundredths of one. per cent.of the vanadium com- 
bines with the ferrite... This-minute amount,, however,.appears.to. increase 
the strength, toughness, hardness , and. resistance to, abrasion.of. the ferrite. 
Nearly all the vanadium, however, ; :is found in. the, pearlite, in chemical 
combination with the cementite, as a compound. carbide of vanadium and 
iron in the case of ternary steel, aad as more complex in: the: 
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Vanadium replaces the iron in the cementite or the carbide by increasing 
amounts until finally, when the percentage of vanadium is about 5 per cerit 
all the iron has been replaced by the vanadium.’ The vanadium-containing 
cementite is not as mobile as ordinary cementite and consequently does not 
. segregate into as large masses, but occurs in relatively ‘minute’ particles 

and, therefore, is more uniformly distributed. It’ does not, consequently, 
readily occur as lamellar or thin plates in the pearlite, but in a granular or 
sorbitic condition. This strong tendency of vanadium to form sorbitic and 
even troostitic pearlite, is doubtless.one of the reasons for the mechanical 
ey of steels containing vanadium, not only statically but dynam- 
ically. Vanadium carbide is not as readily soluble on heating. as is iron 
carbide, and consequently vanadium steel requires a higher temperature to 
eects the cementite and put the steel in the austenitic condition for . 
quenching, 
_ The effect of vanadium on the physical or mechanical properties of steel 
increases with the pencentage of vanadium until 1 per cent is present, after 
which there is a decrease, even in the case of quenched steels, and with 3, 
per cent or more of vanadium the steel is actually softened on quenching 
pees pe high temperatures are reached, say about 1,300 to 1,400 
legrees C. 
Vanadium-steel hardenite has a greater thermal stability, or power to 
withstand elevated temperatures without ‘softening or breaking down or . 
separation of cementite. This property is responsible for the great im- 
provement in high-speed steels, through the addition of vanadium to stand 
up longer under the high temperatures developed at the point of the tool in 
ing heavy cuts at high speed. Percentages of vanadium as high as 3.50 
have been successfully used in high-speed steel, and 1.50 to 2.50 per cent 
are not uncommon, although only a few years ago the percentage ranged 
from 0.30 to 0.75, and it was thought that the addition of over 1 per cent 
gave very little additional advantage: The. improvement in high-speed 
steel. through. the use of vanadium has borne an almost direct relation to 
the percentage of vanadium present, and is considered to be from 60 to 
100 per cent. re 
In the case of carbon-vanadium tool steel the use of vanadium has proved 
almost equally beneficial, although ‘at present only about 0.2 per cent of 
vanadium is used in. such steel.’ It has a wider quenching range—that is, 
can be heated ‘highér ‘without injury—hardens deeper, retains cutting edge 
longer, and-is very much tougher and stronger.. A bar of 1 ‘cent car-" 
bon tool steel oS ae per cent vanadium, quenched and drawn back 
at 400 degrees C., will bend 90 degrees without failure, whereas a similar 
steel without ‘vanadium’ will bend only about 20 or possibly 30 degrees. 
Comparative compression’ tests of such tool stéels with like tempering or 
drawback gave on 1%4-inch cubes, 490,000 pounds for the vanadium steel 
and 278,000 pounds ‘for the steel without. vanadium. For battering tools, 
chisels, sets, caulking’ tools, rock drills, etc. vanadium 
tool ‘steel possesses marked’ superiority on account of its combination of 
“One of the principal oN of vanadium steel has been for steel 
castings, particularly for locomotive frames. The composition of the steel 
is the same as usual for such castings, excepting for 0.15 per cent or more. 
vanadium. ‘The addition of this small amount of vanadium increases the 
elastic limit of the annealed castings 25 to 30 per cent without lowering the 
ductility. ‘The: tensile strength is not increased proportionately in.the case. 
of thoroughly annealed castings, but is usually 10 to 15 per cent greater. 
followin averages of ated the same ranges of 
ving about 0.25 per cent carbon, 0.62 per cent manganese, 0.27 per cen’ 
silicon, with about 0.18 per in’ the ith steal, are 
typical : ' 
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5 Carbon Vanadium 

Elastic limit, pounds per square. 36,495 48,210 

Tensile strength, pounds per square 73,820 79,930. 
Elongation in 2 inches, per 26.6: 
Reduction of area, per cent. 46.0 48.1 


For reasons apparent from what has been previously stated, vanadium- 
steel castings require a somewhat higher annealing temperature than ordi- 
nary steel castings. They are also more susceptible to hardening, and 
therefore should be cooled slowly in the annealing furnace. The annealing 
temperature: ‘should be about 875 degrees C. 

There is a growing tendency to heat-treat and quench sid temper steel 

castings for many purposes. Vanadium steel is much more suitable for 
heat-treatment than ordinary steel, as it hardens more on quenching and 
consequently much higher physical properties can be obtained. Even air 
cooling from the annealing temperature, followed by an annealing at a low 
temperature, greatly increased the elastic limit without affecting the duc- 
tility. This treatment meets the following minimum physical requirements 
with vanadium stéel of the average chemical ite aidan previously given: 


Elastic limit, pounds per square inch........ $49 +++ 65,000 
Tensile strength, pounds per square inch rad > haba be 
Elongation in 2 inches, per cent............ dears 
Reduction of area, per cent......... dive 


Tests of quenched and tempered castings of the same composition show 
as follows, the err and Seon temperatures being the same for 
steels : 

Carbon Vanadium 
1. Steel. 
Flastic limit, square inch. 
Tensile strength, pounds per square inch 
Elongation in 2 ‘inches, per cent eee 
Reduction of area, per cent 


For higher carbons. the siedepels in ie of vanadium steel i is ‘even 
greater. ‘Water was the quenching medium. 

There is also, doubtless, a great future for vanadiu: m-quaternary-steel 
castings, both annealed and heat-treated, particularly the. latter, for, as in 
the case of forged, or rolled quaternary steels, the improvement in the 
mechanical properties. from the presence of vanadium would be much 
greater even than in the case of simple carbon-vanadium steel. 

The value of vanadium in simple carbon forging: steels has. been over- 
shadowed by the greater mechanical properties of the vanadium-quaternary 
steels, such as chrome-vanadium, yet they have mechanical properties equal 
to those of ordinary 3 per cent nickel steel under like conditions excepting 
where the very high physical properties obtainable from quaternary steels. 
are desired, carbon-vanadium steel can be used to advantage, especially for 
large forgings. This steel prevents fewer manufacturing difficulties than 

quaternary steels. It is less liable to losses from shrinkage cracks and 


ecks in the ingot, and to heating and cooling strains in, the forging and- 


heat-treatment operations. It requires no more special care in handling 
than ordinary carbon steel, and is worked with equal facility. 

Carbon-vanadium forging steel in the normalized condition, which may 
be described as annealed for grain refinement, has physical , Properties 
superior to those specified for heat-treated carbon-steel forgings. This. 
simple treatment alone, therefore, gives physical properties sufficiently high 
for. a great of forgings that would otherwise haye to be: 
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and A large field for annealed or sanialaatlle carbon-vanadium — 
steel is its use for locomotive forgings. It is generally conceded that there 
is need of a steel’ of geet strength, not only to meet present conditions, 
but also to permit of reducing sections of reciprocating parts to obtain | 
better counter-balancing. To meet this requirement the railroads several 
years ago turned to heat-treated carbon and heat-treated alloy steels, not- 
ably chrome-vanadium. 

. The use of heat-treated locomotive forgings has not proved altogether 
satisfactory for.a number of reasons. One ob objection to the use of these 
forgings is the lack of heat-treating equipment in most railroad shops. 
This operates particularly in repair work where for any reason the forg- 
ing has to be locally heated’ to straighten, stretch or shorten, destroying 
thereby the effect of this original heat treatment and producing inequali- 
ties which may result in failure.’ Probably no other class of forgings is 
subject to as abusive use as locomotive forgings, and under such condi- 
tions ordinary heat-treated forgings have not been found reliable. For 
these and other reasons annealed forgings are preferred. Consequently, 

a steel that could give in an annealed condition physical properties equal to 
or even better than those specified for heat-treated carbon-steel forgings, 
would prove very desirable. Carbon-vanadium forging steel responds to 
heat treatment in'a very superior manner, and in ‘this condition will meet 
the requirements: ‘specified by the society for (uetechih-and-semperid nickel- 
steel forgings. 

As previously stated, the influence of vanadium on: the mechanical 
properties of quaternary steels is even greater than on simple or carbon 
steel. The best known and most extensively. used of these is chrome- 
vanadium steel... Nickel vanadium ‘steel, while having possibly even higher - 
tensile properties than :chrome-vanadium steel, is considerably more expen- 
sive and has not been found to meet all conditions as satisfactorily as 
chrome-vanadium steel. It does not appear to have as high a resistance 
to shocks and repeated stresses. Nickel-chrome-vanadium steel has found 
extensive application:in light armor such as deck plate, gun shields and 
armor-piercing projectiles, where its use has the efliciency 
of these Engineering 


POSSIBILITIES. OF DOUBLE HEAT-TREATMENT OF STEEL. 


By Prov. BRapiey SroucHTon, SECRETARY OF AMERICAN 
or ENGINEERS. 


“The time has arrived in America when we are obliged to lay more sated 
sis than ever on the’ question of quality and higher standards for steel for. 
special -work.:. We have nearly reached our limit of quality'in cheap steel, 
as far as’ chemica] and mechanical manufacture is’ ‘concerned, but in the 
field of heat-treatment there is a great deal that can be done and’ without 
much expense,’ Most steel workers have had tools burst’ when quenching 
and are familiar with the hollow that frequently forms down the entire 
center of a tool due’ to the stresses in cooling. Casehardened articles are 
particularly liable to these stresses. It isthe same way with armor plate, 


: which is casehardened to perhaps as high as 2.5’per cent carbon'on the sur- 
‘a face but is down as low as 0.25 per ‘cent in the back; this naturally causes 
: all sorts of stresses, particularly in curved plates. One famous English 
, metallurgist heats his armor plate to about 1,000 degrees 'C., cools it very 
| slowly to about 700 degrees, and: quenches it; then in order to get it fibrous 
he reheats it to about 650 degrees C. and quenches ‘it. BAT 759 As 
& That ‘heat-treatment changes the molecular structure of steel is shown. : 
- by the fact that any steel heated to about, 775 degrees C. will lose its mag- 


354 NOTES, 


netism, and magnetism is usually admitted to be.a molecular change, Yet 
the magnet steel invented by Sir Robert Hadfield, which contains: about 
2.75 per cent silicon and has as little of any other ingredient than iron as 
possible, when subjected to a double heat-treatment is changed to the most 

" magnetic substance we know; it is even more magnetic than chemically 
pure iron. One of the most important results of heat-treatment is to 
change the size of grain for the reason that, every other condition of the 
steel being the same, if the grain size is small, the steel will be strong and 
tough, while if the grain size of the same steel is large, the steel will be 
weak. The object of almost all double heat-treatments is to produce a 
small size of grain in steel, for the highest strength and ductility is inva- 
riably accompanied by the smallest grain size.’ 

The large size of the ferrite grains produced in one of the heat zones 
has given rise to many double heat-treatments, but it has not been under- 
stood as a rule. The only way to do the thing is to heat to’ between 700 
and 900 degrees C., depending-on the carbon content of the steel, and 
quench as rapidly as possible; then heat to just below 700 degrees C. and 
quench again. This is a common double heat-treatment for all steels of 
medium carbon that are to be of high quality, because in these medium- 
carbon steels the ferrite forms a large portion of the mass, and if that can 
-be obtained in small grains, a good quality of steel is:cheaply obtained from 
a steel that would otherwise be much inferior. Steel containing approxi- 
mately 0.30 to 0.35 per cent carbon and 0.10 to 0.15 per cent vanadium, 
without chromium or. nickel: is commonly heated to 900. degrees ‘C., 
quenched, heated to, say, 600 degrees and quenched. If it is desired to 
have the steel a little stronger and not: quite so ductile, the second heat 

- should come to 500, 400, or even 350 degrees, depending on the amount of 
strength desired. Vanadium also has the effect of making the absorption 
of the ferrite in steel take place very slowly; consequently it is necessary 
not only to heat slowly to 900 degrees, but to hold the metal there for some 
minutes in order that all the ferrite will be absorbed. Some advise heating 
above 950 degrees, cooling to 875 degrees, and quenching. Exactly the same 
result is obtained by heating-a little more slowly to exactly 900 degrees, or 
else heating to 950 degrees and maintaining that heat 4 while: 

Axles are heated to about 720 or 730 degrees, quenched, heated just 
below 700 degrees, and quenched again. Axles containing chromium and 
vanadium are heated a. good deal higher, quetiched ‘in oil, and heated 
above 700 degrees, which heat is maintained for about twenty ‘minutes and 
then allowed to cool slowly. ‘The chromium has so strong a tendency to 
retain the carbon dissolved in the steel that if the steel is quenched it will 
_ Casehardened gears are cooled: to atmospheric temperature, then heated 
to between 700. and 900 degrees C., depending: on the ‘carbon content, 
quenched, heated above 700 degrees, and quenched. As the core of the 
gear contains only a small.amount of carbon, so that it is rich in ferrite, 

¢ first quenching toughens ‘the core by bringing it rapidly through the 
ferrite range, thus preventing the ferrite s, from increasing in size. 
The first quenching gives a tough core a brittle: case, and the second 
quenching: gives the fine-grain case. As-this is quite brittle, it is usually 
annealed by heating to. about 200 degrees C, 

One reason the double heat-treatment has been neglected is that ‘when 
steel is heated up to the austenite range:an enormous size of gfain is pro- 
duced. Steel heated up to this point has been known as burnt\and as over- 
heated: steel, but it is possible to remove any bad effects: of that’ treatment. 
The steel is heated to this high temperature and quenched, and:then all the 
bad crystallization is removed: by heating, say, to 1,100 degrees C., quench- 
ing, heating to’ 800 degrees and:-quenching, and finally. heating to 700 


i 
a 
~ 
‘ 
4 
+ 
. 
a 
\ 
4 
} 
ig 


NOTES. 355 


degrees. and quenching. If: ordinary: commercial, Bessemer, Jow-carbon 


steel is heated to 1,400 degrees C., quenched in water, heated'to 750 de- 
grees, and quenched in water, its strength will be increased from two to 
four, times without decreasing the ductility more than 25 per cent. If a 
little more elaborate process is used, a steel over 200,000 pounds. per 
square inch tensile strength with a good degree of ductility will be ob- 
tained at only'a slightly greater cost ‘than ordinary Bessemer bars or rods. 

Vanadium keeps the cementite from segregating into coarse grains, and 
to some extent keeps the austenite from coarsening in this range. It is . 
for that reason that vanadium has been used in high-speed steel, for these 
steels may then ‘be heated to a very high temperature without acquiring 
such a coarse grain. The result has been an increase of 60 to 100 per cent 
in the service of the steel. Nickel has a similar effect, and 12.5 per cent 
nickel-steel will stand considerable overheating in the’ austenite range . 
without coming to as much harm as straight carbon steel: ‘When the steel 
contains: 25 per cent nickel it can be heated to almost any point without 
getting coarse crystallization. Vanadium ‘exerts its influence chiefly on the 
cementite, and nickel chiefly on the ferrite. Most of the nickel dissolves 
in the ferrite in steel, whereas most’ of the vanadium dissolves in the 
cementite, so that a small amount of nickel is exceedingly advantageous 
in steels to be heat-treated in the ferrite range where the ferrite is 
to be kept small: Manganese has the’ same effect as vanadium ‘and nickel 
in keeping the grains of austenite small. Nickel-vanadium steel, mangan- 
ese-vanadium steel, chromium-vanadium steel give’many combinations that 
afford an almost. endless line of possibilities. 
‘« By cooling steel to liquid-air temperatures, Sir Robert Hadfield has made 
bars of manganese steel and 25 per ‘cent nickel steel’ that are strongly 
magnetic on one end and as’non-magnetic as lead on the ‘other. All these 
steels are normally non-magnetic, but by cooling to the temperature of 
liquid air that end becomes magnetic. .This opens a line of possibilities 
with heat-treatment that as yet have scarcely been touched.—“ Machinery.” 

.MANUFACTURE OF ELECTRIC TOOL STEEL. 

(Abridged) 


The large electric steel plant of the Ludlum Steel Co. started the manu- 
facture of crucible tool steel in a small plant at Pompton, N. J., in the year 
of 1854, and in 1907 moved to Watervliet, N. Y. Until 1910 the concern 
devoted its entire attention to the production of crucible steels. There is a 
story that the writer was told by a disinterested party, which seems to be 
a fitting beginning to this. Some. twenty years ago a steel maker sent 
one of his skilled men to get a job at the old Pompton plant with the 
instruction to “find out what they put in their steel and how they make it 
so much better than we do!” ‘The story goes that after a few weeks he 
sent.in a report to this effect: “Their mix is exactly the’ same as ours, but 
they turn out better steel because of the care exercised at all stages of 
manufacture.” This critical care in the selection of. material, in the. manu- 
facture of the product and in the elimination of defective .material is 

_ High-grade, tool steel is produced by two processes: (1) the crucible, 
(2) the electric furnace. The entire output of the Ludlum Steel Co. is 
now the product of electric furnaces (which. not only produce a better 
steel but produce it at a lower cost), in order that if possible even greater 
care can be devoted to the elimination of faulty material, wi 
materially to the ultimate cost of the finished steel. 
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Crucible steel is made by remelting very high-grade, pure scrap. ‘This 
is accomplished by the use of a plumbago or clay crucible which is filled 
with short pieces of Swedish, Wallqon (Belgian), or Styrian charcoal iron. 
A lower grade of crucible steel is made from puddled iron, and a great 
many crucible steel manufacturers, in this country, because of the diffi- 
culties of shipment at the se time, are forced to make their crucible 
steel. from puddled iron. Puddled iron is made from low-phosphorus and 
low-sulphur pig iron, melted. in the presence of an extremely oxidizing 
flame, which has the effect of oxidizing out most of the impurities. The 
remaining semi-plastic metal is then rolled into balls. These are full of 
slag, oxygen and nitrogen. They weigh about two or three hundred 
pounds each and are put through a mechanical squeezer which is a rotary 
mill with external and internal teeth. The internal drum rotates, and, due 
_ to its eccentric arrangement with the shell, gradually turns the ball around 

and squeezes it out into an irregular shaped mass.: This material is then 

squeezed further by being rolled in a rolling mill. The slag by this time 
having been almost entirely. squeezed out of the bars, the bars 3x<°% 
inches are cut into short lengths and used as the charge in the crucible to 
make crucible .steel.. The charge consists either of charcoal-refined iron or 
puddled iron—the additions of carbon, manganese, alloys, etc., being ar- | 
ranged. with the charcoal iron. in the crucible. The crucible is placed in a 
coke, oil or. producer-fired furnace and heated until the charge melts. .The 
melter, who must be a very highly: skilled man, periodically examines the 
‘melt, observes its progress, and waits until it is quiet in the crucible; ‘that 
is to say “killed,” the melt then being known as “ dead.” 


. The metal is poured from the, crucible into.a ladle, or else direct from 
the crucible into ingot molds. Because the crucible: process is purely one 
of remelting, a refining of the steel cannot take place. In other words, 
the quality of the steel is dependent on the quality of the ingredients. 


ELECTRIC STEEL MANUFACTURE. 


The electric crucible-steel furnace is capable of completely refining the 
steel; that is to say of removing from it the undesirable metalloids such as 
phosphorus, sulphur, excess of silicon, manganese and carbon; also the 
gases: oxygen, hydrogen, nitrogen, etc. 

The following report of the working of the electric furnace for the pro- 
duction of twist-drill steel will give the layman an idea of how closely the 
melt a watched. It is doubtful. if any such detailed report has ever been 

Heat started 4:55 A. M.—Part of the charge was loaded into the furnace 
and melted; the remainder was added after the metal had been made 
molten since the charge, being of a bulky nature, could not be entirely 
charged into the furnace at the start. A quantity of lime was added to the 
cold metal so as to keep the surface of the molten steel covered and pro- 
tected from atmospheric influences; also to give the correct dephosphoriz- 
ing slag. One hundred pounds of mill scale were added to the charge, to 
render the slag extremely. oxidizing. ‘ ‘ 

9:16 A. M—The melt was observed to be boiling but the slag too mei 
Two shovels of silica sand were added to thin the slag. The slag was wel 
raked thoroughly to mix into the sand. : coke 

“9:24 A. M.—A sample was taken for the laboratory. The metal was then 
fairly quiet, the slag was extremely oxidizing and black. It is necessary 
that the color of the slag be kept black, as this is the indication of an 
oxidizing slag produced by iron oxide. 
9:30 A. M—Lime was added for the purpose of thickening up the slag 
so.as to make the operation,of raking off this slag comparatively. easy. _ 

9:35 A. M.—The current was turned off and the black dephosphorizing | 
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slag was raked off. The analysis of melt showed carbon 0.59 per cent, 
chromium 0.37 ‘cent, phosphorus 0.018 per cent, sulphur 0.025 per cent. 
9:39 A. M.—Ten shovels of lime and fluor’ spar and sand were then 
added to the melt to form a second slag. The current consumption was 
per electrode. 
M.—Sample of the slag was taken showing the slag thin—which 
is ioe ideal consistency. The lime was not entirely fused. 


9:53 A. M—A further sample of the slag was taken, showing the same 
to be extremely desulphurizing and reducing. The color of the slag was 
gray, condition smooth and thin. 

9:54:A. M.—A sample’ was taken of the metal for laboratory analysis. 
‘The current was then turned off. 

10 A. M.—The temperature of the slag with the current off was 2,573 
degrees F,. 

10:02.A, M.—The current was turned on. = 

10:03 A. M.—Five shovels of the mixture in the boxes were then added 
to the slag to augment its desulphurizing nature. 

10:08 A. M.—A further sample of the slag was taken, showing the color 
gray, and of good desulphurizing and deoxidizing condition. 

10:10’ A. M:-—Liime was added to thicken the slag so as readily to remove 
same. Current turned off at 10:12 A. M: 

10:14 A. M——Slag was very thick and pra raked off. Temperature of 
the metal was then taken; 2,570 degrees F. 

10:20 A. M.—A predetermined amount of carbon was thrown into the 
melt to add to the ‘carbon and further degasify the steel. 

10:22 A. M—The doors of the furnace were luted up with clay so as to 
prevent the atmosphere attacking the surface of the molten steel. 

10:40 A. M.—The furnace was unsealed, the temperature of the steel 
was 2,596 degrees, A third slag was immediately added by throwing in 
seven shovelfulls of thé mixture of lime, silica sand and fluorspar. 

10:52 A, M—A re of the slag was then taken which showed the 
color gray and in excellent condition. Correct amount of alloys was then 
added to bring the steel’ up to the required analysis. 

10:59 A. M.—A sample of the slag was taken which had a slight greenish 
color due to the chromium. 

11:02 A: M.—Slag of metal was sent ond me laboratory for analysis. 
The temperature of the slag was 2,662 d 

11:05 A: M:i—The current was turned was taken of the slag. 
The n color had almost disappeared, showing the chromium present in 
the slag had returned ‘to the metal. 

11:08 A. M.—Temperature of the slag was 2,652 degrees. It is noted 
that the temperature has- now fallen slightly. Current turned off waiting 
analysis. The ladles were now rapidly heated in preparation of the melt 
being teemed. 

11 :32° A. M.—While still waiting for the analysis, four shovels of lime 
were added to the slag, “sg it was noticed the slag was getting a little thin. 

11:35 A. M.—A sample was taken of the slag; outside brown and inside 
gray, condition. 

11:42 A. M.—Laboratory analysis returned. A small quantity ‘of alloys 
added to finally adjust the chemical analysis of the steel. 

11:52 A. M—tTest bar of the metal forged out, to find the mechanical 
working: 
Pc tly M.—The metal agitated so as. to insure complete mixing of 

loys. 

11:55 A. M—The melt held to insure saturation of the added alloys, 
sample again taken of the slag, small quantity of lime added, to keep the 
slag in a néutral condition, it now being’ neither oxidizing nor reducing. 
Temperature of the slag and the metal were then taken, 2,650 degrees F. 
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11:58 A, M.—Small quantity of ferro-silicon was added’ to the melt to 
remove gases. It was noted that the metal did not boil at all, the surface 
of the metal being entirely still. 

12:06 P. M.—A small quantity of fluorspar and silica sand were added 
to thin the slag and keep it neutral. Temperature of metal and. slag was 
then taken, 2,690 degrees F. Current was then turned off and the metal 
was ready to be teemed into the ladles. The metal was poured from the 
furnace into the ladle; temperature was then taken, 2,641 degrees F. The 
ladle was put onto its car and placed over the first ingot; temperature at 
the first pouring of the ingot, 2,600 degrees F. Time required to pour first 
ingot, 35 seconds: Seventeen. ingots were cast from first’ ladle; tempera- 
ture of the last ingot, 2,550 degrees F. Second ladle was then used and 
the remainder of the melt in the furnace teemed into the ladle. Tempera- 
ture of the metal pouring from the furnace into the ladle, 2,618 degrees F. 
‘The ladle was then placed in position over the ingot molds ; first ingot took 
31 seconds to pour; temperature of the metal 2,600 degrees F. Thirty-five 
ingots were cast from this ladle; the last ingot poured, the temperature of 
the metal was 2,575. degrees F. ie 

The correct analysis of this steel when in ingot form was carbon 0.95 
per cent, chromium 0.45 per cent, silicon 0.15 per cent, manganese 0.20. per 
cent, phosphorus 0.015 per cent, and sulphur 0.012 per cent. ; 


SELECTION OF MATERIALS, — 


A careful analysis is made of all raw materials received at the plant. 
Raw materials in which the sulphur and phoephorss contents are below 
0.03 per cent is used in the manufacture of tool steel, That in which the 
percentage of sulphur and phosphorus is above this figure is used in the 
manufacture of low-phosphorus pig iron, to. which a department. in the 
works is devoted, Owing to the possibility of refining the metal’ in the 
electric furnace, a raw-material charge of known analysis is melted down, 
with a slag covering the surface of molten steel.at all times. The first 
slag, is of lime with a small amount of sand to keep it thin, and is. known 
as an oxidizing slag since it oxidizes out the impurities: phosphorus, some 
sulphur, silicon, manganese and carbon, The phosphorus comes up. into 
the slag as phosphoric acid and changes to calcium: phosphate. Great care 
must be exercised during this operation; the rature: must be definitely 
controlled; if too low the phosphorus is not n out as speedily as de- 
sired ;,on the other hand, if the temperature is too. high, the phosphorus is 
reabsorbed in the melt, and if once reabsorbed is very difficult to eliminate. 
While the condition of low temperature which is favorable to the elimina- 
tion, of phesoborvs prolongs the melting operation, it. does not in any. way 

The period during which dephosphorization is.most active is that. pre- 
ceding the actual melting of the charge. ciriast 

The electrodes inthe headpiece of the furnace are gradually lowered, 
melting their way through the charge, The metal. as it becomes. fluid, 
percolates to the bottom of. the furnace where it forms a pool. The heat 
of the arc, direct, and that reflected by the roof of. the furnace, gradually. 
melts the charge which augments the pool in the bottom of the furnace. 
When the charge is melted the first. slag is raked off the steel, examined for 

r and texture,.as these convey to the experienced furnace-man positive 


information regarding the melt. A second lime slag is then added;, this 
carries with it a definite quantity of fluorspar and. silicious material, gen- 
rg sand, This second slag should be very “thin” as known in the terms 


e melting shop. Fluorspar helps to remove ‘the sulphur, 
oxygen, hydrogen and nitrogen gases, and thins the slag. . The silicon also 
- thins the slag. If lime alone were used, the slag would be too thick and 
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the chemical reactions taking would. be correspondingly slow. This 


second slag is known as a reducing slag, the oxygen rises. to the surface 
id oxidizes the carbon or silicon. . The sulphur rises and mixes with the 
and forms calcium sulphide, a comparatively stable compound. Great 
care must be exercised that the calcium sulphide is not thrown back into 
the. steel by being oxidized and forming calcium sulphate. The action 
which takes place when the sulphur is eliminated from the metal is; iron 
sulphide + carbon + calcium oxide, which transforms into calcium sul- 
de. The iron passes. back into the melt. while the carbon passes out. of 
e furnace in the form of carbon monoxide, The manganese sulphide + 
carbon + calcium oxide changes to calcium sulphide which enters the slag, 
while the liberated manganese returns to the melt and the carbon monoxi 
passes out of the furnace in the form of gas. ss... nae 
The slag is teaegh frequently during the process of refining, and the color 
of the slag is carefully noted. When the slag has done its work it becomes 
white, which, however, does not show that the action. is completed, but 
merely that. that particular slag has done its work. The slag having 
become white, the melter, without making any analysis, knows that it has 
reached the desired state.. The sulphur in, the slag and in the melt is 
checked, while the process of slagging is repeated and the melter is in- 
formed as to the.chemical content of his melt. The test pieces are obtained 
by aneane of an iron bar which has a spoon-shaped end about 214 inches 
During the process of refining, the temperatures of the molten steel in 
he furnace are very carefully taken. The melt after having been passed 
by the laboratory is ready to have the second slag removed by raking it off 
in a manner similar to the first. A third slag of lime and fluorspar is 
added, but without silicon or carbon. This slag acts as a blanket to keep 
the steel from oxidizing. The addition’ of alloys’ which are to bring the 
steel up to the desired chemical analysis is then’ made, Sufficient. time is 
allowed for these alloys thoroughly to mix in the melt. The molten steel is 
then ready to be teemed ; that is, poured out of the furnace into the ladle. 
When the ladle: is about.one-quarter full, .some,vanadium. is. thrown: in 


further, to deoxidize the metal. The third slag. isi not removed from the 


furnace, but is allowed to pour out with the steel into the ladle.. .... - 
_ It is necessary that in pouring the molten. steel, from: the: ladle into the 
ings molds the slag shall not be carried down by the metal,.therefore the 
is bottom-poured. There is a hole in the bottom of the ladle which 
is called the nozzle, and the necessary refractory. plug is: fitted: into the top 
of this‘hole or nozzle, this. plug being called the stopper. ;,The ladle nozzle 
is-then placed over the center: of each ingot mold in turn, and the metal 
allowed to run into it. The temperature at which the metal is poured is-of 
prime: importance and: is carefully noted; also. the temperature is noted 
when-the last. ingot is poured.. By this means. it.is possible, to determine 
the composition of the metal when it freezes—that is to becomes solid. 
the; metal poured at too high a temperature and lapses 
between the period when the metal is poured. into) the ingot molds and, the 
time when it freezes or becomes solid, the steel crystals which farm, will 
have:a tendency to throw out their various alloys -(all alloys with iron are 
impurities: of iron, although: some of’ these impurities are, very. desirable): 
Slow cooling sets up segregation, which is to say ‘that the alloys have a 
tendency to segregate in the ingot more in one place than in another. This 
is: particularly true of the low melting-point. metaloids, under, which head- 
ing come phosphorus and sulphur. Providing this segregation can. be .con- 
trolled, it forms another means of eliminating these undesirable alloys from 
the ast Sanus they segregate at the top of the ingot, which part is subse- 
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‘HAMMER SHOP. | 

High. ‘steel Lis stripped from the ingot while hot ‘itd 
to the preheating furnace in the hammer shop. The temperature of the 
preheat is 1,600 degrees F., and the ingots remain here for a period of 5 
to 6 hours. From here the ingots go to the high-heat furnace where ey 
are heated to 1,950 degrees F., thence direct to the hammers where Fatih 
are forged to size, care a that the in sme of the work 
not fall below 1,750 degrees 

The structure of the steel in the ingots as tae is coarsely aaa 
Any steel in this state is quite unfit for tools and must therefore be mechan- 
ically worked to reduce the grain (that is to say the crystal sizes) to 
extreme smallness. The smaller the crystals, or. grains the higher the re- 
finement and better the. steel. 

Steel can be refined by heat treatment, but when. heat treatment and 
mechanical work are carried on together the refining is much more active 
and more thorough. Therefore all ingots, before they can be used as tool 

steel, must be forged, and for convenience rolled into various shapes. The 
steel i is heated very slowly and thoroughly soaked i in specially designed fur- 
naces, then carefully forged down (known as “cogged”) under the ham- 
mer to certain definite sizes which can be conveniently handled in the rolling 
mill. This forging must be done very carefully, otherwise the steel may 
ruined. The pressure applied to the surface of the steel under the ham- 
mer must be applied at ri right angles to the face of the hammer. The con- 
tact under the head of the hammer, and ort the anvil must be on a line 
parallel to the axis of the hammer, otherwise a shearing is set up in the 
ingot which, if excessive, results in a burst center. Too light ne 
will also injure the steel, opening it up in the center. 


FORGING FROM INGOTS TO BILLETS. 


on forging the ingots down to billets, which is the state after the first 
mechanical reduction, it is essential that the ingot should be worked in 
square form ‘to very nearly the finished size, and’ then if the bar is to be 
still further reduced to hexagon, octagon or round, the corners are reduced 
until the desired shape is obtained. If an ingot which i is to be turned into © 
a round billet ora round forging were forged at the start into a round 
shape the bar would have a split center. 

he billets after being-forged in the hammer shop, pass to the inspectors. 
The inspectors examine them for surface defects, seams, blemishes, cracks, 
etc., which are outlined on the billet with a yellow wax crayon: which 
shows quite clearly on the dark ingot. The high-speed billets (which of 
course are too hard to chip) go to the grinding shop, w the defects 
are ground out. 

Billets other than high epedd are inspected and in: the same. wit; 
but as the ‘steel is soft enough to chip, the defects are removed with the 
pneumatic hammer. The chisels used for this work are rounded so that 
round-bottomed grooves are left where the defects are chipped out. The 

so they will roll out in the —-* 


grinding the steel is either returned to. the 


The mill is styled as so many stands,” of, ‘is com- 
posed of two —— with the rollers horizontally arranged. The mill is 


i 
L From the inspéction and i 
hammers or taken to the ro’ 
i designed furnaces and passed through cogging rolls (that is, the billet 4 
: mill), after which they are still further reduced in the bar mill. After each : 
. \ reduction the: work is inspected and, if necessary, chipped or ground as 
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also styled as “two high” or “three ” which is to say that there are 
two rolls or three rolls i in each stand. a two-high stand rolli ave heed 
bar is passed through shaped rollers ious the same plane; in at 

stand the bar is rolled alternately between the bottom roll and the 2 ait 

roll and the top roll.and the middle roll. 

The billets are cut in the shear to certain dimensions and are then. in- 
spected. The measuring stops on a bar-shearing machine are, for the sake 
of pegreia so set that the length of the bar will be a multiple of a certain 
= desie gnated by the purchaser. 

he bar mill, also known as the merchant-bar mill because it is capable 
of rolling to the ordinary merchant-bar sizes, is used for reducing billets 
down to the finished size. The billets are carefully reheated (particular 
attention being given to the time which these billets remain in the furnace) 
to the temperature prior to rolling, the same care, of course, having pre- 
viously been taken tn the billet. mill.’ The steel is then rolled in the bar 
mill, a certain definite reduction taking place at each pass. The reduction 
of cross-sectional area of the work amounts to from 15 to 20 per cent per 
pass. © The large rolls of the billet mill are 18 inches in diameter, and have 
a surface speed of about 500 feet per minute. The small rolls’ of the bar 
mill are 10 inches in diameter, and have a surface speed of from 650 to'700 
feet per minute. The roughing rolls are made‘ of alloy steel, heat treated, 
and the finishing rolls of chilled cast iron. The finishing temperature, that 
is to say the temperature at which the metal leaves the last pass in the 
rolling mill, is very carefully controlled. This is'important, as the grain 


. size and the future effectiveness of the steel are very largely affected by the 


temperature at the last .. The mill for rolling the smaller ‘sizes of bar 
is called a wire mill, and work as small as 3/16-inch diameter is roled-te it. 
The wire is coiled while hot, as it comes from the last pass: 

Each analysis of tool steel must be mechanically worked at a -eertain 


" temperature, therefore the furnaces are heated for each class of steel to a 


certain temperature’and this temperature is controlled by pyrometers. The 
use of pyrometers is’ not at all common on the gon! industry, and in many 
mills the temperature is gaged only by the eye and judgment of the fur- 
nace man. 

The furnace man ig instructed: with: each er every batch of steel'to heat 
the furnace to a certain temperature which is recorded by ‘a pyrometer 
over the furnace door. The. finishing temperatures are. also controlled by 
an inspector by the means of an optical pyrometer. Every bar that is not 
up'to the standard temperature is marked so that it may be especially ex- 
and in most instances, these special bars are scrapped 


FINAL INSPECTION. 

After the steel has passed inspection in the rolling mills it is sent to othe 
warehouse to be finally viewed; a fracture taken of every bar, and'each bar 
inspected for mechanical faults, seams, laps, cracks and general imperfec- 
tions, The smaller bars are nicked: with a cold chisel and broken: ‘Each . 
end of each and every bar is nicked and broken, and if a defect shows ‘in 
the fracture another piece is broken off. Each bar is inspected from end to 
end. Any suspicious looking mark on the bar is filed away to see whether 
it is a surface defect or a crack which penetrates the bar. A certain 
quantity of ‘this material is then annealed, and the cae which is 
known as nortiat steel, is then stored in the warehouse ready f or $s 
to those customers who order the material unannealed. 

After annealing, the steel bars, when required, are straightened ° in a 
mechanical straightener, and are carefully inspected, some being 
others fractured on the end so as to determine that the grain is of the de- 
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sired fineness. Of every’ 100 pounds of steel that goes into the furnace, 
only about 60 pounds passes the final inspection. All bars of steel that pass 
are then carefully stored in their respective bins so that no two qualities of 
steel can become mixed. The’ bars that are:shipped direct from the ware- 
ieee are painted with various distinguishing :symbols.—“ American 


PRODUCING SYNTHETIC GASOLINE BY ELECTROCHEMICAL 
ss ed MEANS.* ak 
It is well known that most of the crude-oil distilates and natural gases of 
the United States are of the paraffin series of hydrocarbons and that nat- 


ural gas is composed: largely of methane, which occupies .a place at the 


beginning of the series and is the simplest of the group; while going toward 
the more complicated molecular structures, we find about 60 well-defined, 
saturated, normal hydrocarbons, terminating with the solid hexacontane, 
with a melting. point of 101 degrees Centigrade. 


. Our commercial gasoline occupies a place in the series:a:little. above those 


_ which are normally gas, and is composed of a probable blend of hex: 


heptane and octane, for a good grade of gasoline, although. we are tem 
to believe that some grades on the market today contain hydrocarbons. of 


much higher boiling points. . 


The aforementioned : hydrocarbons are called: paraffins because they 


resist at low temperatures the actionof most reagents, and are in fact : 


compounds, with an almost ‘indifferent character, refusing to take on mor 
hydrogen or even to chemically unite with any of their associates, 
If. we could chemically unite, in proper proportion: and form, sufficient 


methane, or hydrogen gas, to certain of the heavier hydrocarbons, we . 


could produce synthetic gasoline. The small increase in percentage of 


_ hydrogen necessary to convert some of the heavier, fractions of crude oil 


into the lighter and lower boiling-point compounds is surprisingly small. 
The first experiments along this line were conducted with a small labora- 
tory equipment, the still being composed of; a piece of 3-inch pipe, the ends 
of which were closed with caps, threaded and.screwed on. The,treatment 
chambers, wherein the gas and oil vapors were subjected to high-voltage 
oscillatory, high-frequency, current, were made, of .17inch pipe. which. had 
been plugged and reamed, the ends of which were fitted: with modified 
spark plugs which served to lead the current through a fing No. 30 platinum 
wire. This wire passed through the center of the pipe from end to end 
and, when connected to the high-frequency coil, subjected the gas and oil 
vapor passing through the pipe to a silent electric discharge alternating 


back and forth, between, the central electrode and the pipe wall, and at a 


to the direction of the. flow. of. gas. 
-This, first..equipment was. very crude, without pyrometers. or. pressure 


_ gages, and was operated. at; high pressures and high temperatures, but it 


served to demonstrate the feasibility of the process by, converting 42.5- 
degrees B, kerosene into 65-degrees B. gravity gasoline. As already. stated, 
this. was done at high preerenee and temperatures, and was operated for 
several hours before the experiment exploded, completely wrecking the 
smail: frame building in which it was located. Later experithents with 
larger and better equipment proved that a yery high frequency was neces- 
sary to obtain low boiling-point compound and. that increasing the fre- 
quency would raise the specific. gravity (B.) and lower the boiling point. 

* Abstract from a t | General Meeting of the 


‘ 

ane, 

+ / 

chemical Society; held at Pittsburgh, Oct. 3 to 6, 1917. 


The still of this equipment was of 4-inch double-extra-heavy p 
struction, with welded flanges, heated, and. consumed a at 


__ kv.-a. at 60 volts, using 60-cycle alternating current. The oscillatory elec- 


trical generating apparatus for this plant consisted of 1 _kvi-a, 110- to 
25,000-volts step-up transformer with a variable reactance in the primary, 
and a variable condenser, rotary spark gap and oscillatory transformer. 
An equipment of this: type is shown in the figure. 

The difficulties encountered with operation under high pressures wee so 
great that it was decided to carry on experiments under atmospheric pres- 
sure, in which it was found ‘that as good products could: be obtained as‘ 
when operating under higher pressure, but the percentage of conversion 
was not so great, and the gravity was not quite so high, 33 per cent of the 
kerosene being converted to an average density of 54 degrees B. (specific 
gravity 0.761), and by rerunning the residue, which was practically the 


same density as the original kerosene, it was discovered that an additional 


conversion of 33 per cent was obtained for every time fractionation was 
made, and the remaining residue run through the still. 

__ At the conclusion of these experiments it was decided to build a larger: 
plant and incorporate in its design the benefit of the experience with the 
older, ones.) The step-up transformer was designed for 110-220 to 50,000- 
100,000 vom, and rated at 30 kv.-a., but with a real capacity of 75 kv.-a. 


| 


is 


“In this plant the high-frequency equipment is capable. of: producing high- 
frequency current from. 15,000 to 250,000 volts and has a capacity of con- 
verting into gasoline about 60,000 gallons of. oil in one day of 24 hours. 

Experiments with the: first. plant, with its 3-foot treatment chamber. 
proved that they were not stthcientl long, so when, building the seco 
plant the treatment chambers were built with a total length of 10 feet. For, 
experimental. purposes a 7-barrel still is used, which is fired with natu : 
gs and the vapor outlet. of the still.is, connected to the treatment chambers. 

hese pipes are heated b induction, being. wound their. entire length, as 
shown in ‘the ‘figure, with 00°copper cable, Ravers insulated: with a 
special fireproof insulating compound, On opera $, equipment a 78- 
per cent conversation was made from aes as this was not ¢on- 


sidered ideal, it was decided to increase the length of the treatment cham- 
bers to 34 feet, which should give an efficiency approaching 100 per cent 
conversion. At the time of preparing this paper this new. treatment cham- 
ber equipment could not be operated on account of delay in the delivery of 
substation apparatus which is to furnish power. 
The possibilities of this process are apparently very great, for. by con- 
verting the distillate between the benzine fraction and that part in which 
the lubricating oils are found, it is possible to increase the output of gaso- 
line 200 per cent. 
* One kilowatt of electrical energy used in the treating chamber will con- 
vert 1,000 gallons of distillate in 24 hours, or a 60-kw: plant should convert 
about 60,000 gallons per day. A total of 1,440 kw.-hr, is required for the 
oscillatory current to treat 60,000 gallons. It has been found by experiment 
that approximately 40 kw.-hr. of electrical energy are required for heating 
the treatment chambers while Keeper 60 gallons per hour, and if the 
ratio holds: true for a 60,000-gallon plant, it would take 39,360 kw.-hr. for 
heating the treatment chambers while 60,000 gallons was being: converted ; 
this added to 1,440 kw.-hr. would make 40,800 kw:-hr. total energy required, . 
which, at 0.6c. per kw.-hr., at which price electric energy can easily, be pro-| 
duced at refineries, would make a total of $244.80, or about 0.4c, per 


THE TRUMBLE REFINING PROCESS. 
A NEW DEPARTURE IN THE METHODS OF OIL. DISTILLING, EFFECTING A MARKED 


SAVING IN THE PERCENTAGE OF OIL REQUIRED AS FUEL. 
By N. W. THompson,* San 


The first 3 in the refining of oils is to obtain the different fractions or: 
distillates of the crude oil. Some of these are ready marketable products 
and others need treatment. To obtain these distillates it is “necessary to 
distill or boil them over in a still and separate them according to boiling 

The old method was to fill a cylindrical still with the crude oil and boil 
off the lighter distillates, then the next heavier, and so on. After being 
condensed these distillates were run through a steam still and the still 
kept to a certain temperature until all of the lighter fraction or first cut 
was obtained, then the temperature was raised for the next fraction, and 
A large number of the refineries at the presetit time continue this sys- 
tem, and others put a number of crude’stills in ‘series’and run them con- 
tinuously—that is, the residuum or. bottoms of the first still run to the 
second still:where they are heated to: a higher temperature, and so on to 
the last still, from which the residuum flows to a cooler and then to the 

. This’ residuum is generally fuel oil.” 

‘In these stills there is a large volume of oil over the fires and also an 
expensive installation .to build and maintain. There can be no seams in 
_ the bottom of the stills, necessitating very large plates, and it is necessary. 

to have perforated steam pipes in the bottoms to agitate the oil so as to 
keep the hottoms from burning, etc. 


* Engineer, Simplex Refining Company, San Francisco, 
Presented of the San 


‘ at 4: meeting Section of The American Society of 
Mechanical Engineers, December 9, 1916. For presentation at the Annual Meeting 
December 4 to 7,1917. The paper is here printed in abstract tore, and advance copies of 
the complete paper may be obtained gratis upon application.’ All papers are sub to 
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Large surfaces are necessary when the heating is done in this way. 

There is low heat transfer on account of slow velocities and the low 
specific heat of thé liquid, and about, one-third of the surface of the still 

‘3 cannot be heated and must be highly insulated to avoid excessive fadiation, 
However, the radiation losses are considerable even in the best settings. 

The Trumble distilling apparatus is quite a departure from that used. in 
~ the method described, and has proved very successful in the plants where it 

has been installed. The principal parts of the apparatus are shown in 
Figs. 1, 2 and 3. 

In Fig. 1 is shown a Trumble evaporator, to which in this case is con- 
“nected an evaporator column. The evaporator consists of a closed: cylin- 
 drical metal shell, vertically disposed, to which heat is applied from the 
outside in any convenient manner, as, for example, by flue gases or by 

vapors from another evaporator. 
Inside the evaporating chamber is arranged a central vertical pipe 
_ having umbrella-shaped devices attached thereto at intervals, which are 
called “ spreader hoods,” so that oil when fed to the apex of these hoods 
will: flow down over their sides in a thin film after the analogy of rain 
‘flowing down the outside of an ufnbrella. The lower. edges of these 
hoods are at a little distance from the sides of the wall of the evaporating 
chamber, and in operation, the oil flows down and over the hood and strikes 
against the interior wall of the evaporating chamber and flows down the 
wall in a thin continuous film. In case any of the oil should not strike 
against the wall in the evaporating chamber, but should drop off the edge 
of the hood and fall vertically; or in case there should be a tendency to 
bubbling or foaming on the wall of the evaporating chamber, whereby a 
portion of the oil may be thrown back toward the center of the evaporating 
chamber, such oil will be caught by the next spreader hood and will flow 

_ down the surface thereof, thereby insuring an ultimate sorending of the © 
_ oil on the wall of the evaporating chamber. : 

' The oil to:be operated on is fed through a supply pipe to the top of the 
_ evaporating chamber and ‘discharges downward on the apex of the upper- . 

most hood. The oil then flows down’this hood in a’thin stream and is. 

delivered against the interior wall of the evaporating chamber as above | 

described. 

The centrally arranged vapor pipe. in ‘the evaporating chamber, 

to which the spreader hoods are attached, is provided: with perforations Saf 
underneath each: of the hoods, and through these’ perfora' gel the ‘vapors 
pass fromthe evaporating chamber into the vapor take-off pipe. Located 
in this vapor take-off pipe are lateral branch pipes, and these branches 


extend through the. wall of the evaporating chamber to the outside of the 


Pi datillates from bottom of dephlegmators, or from any other source, if * 
_ these need fractioning. The distillate flows into compartment (1) over a 
‘number of pipes through which a heating medium is passed, either residuum 


‘compartment (1) into compartment (2) and back through compartment 


in compartments (1), (3)..and (3). pass through openings into vapor — 
compartment, A and out through opening a: to the condenser or through 
dephlegmator to condenser, depending upon the fractionation required. 
The vapors evolved in compartments (4), (5) and (6) pass into vapor 
compartment. B and out through opening b:, to condenser, etc. 


(3), and so. on, leaving at end of compartment (6): The vapors evolved Al 


vapors, as the case may be, and then. passes. throu: either 
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Fic. 3.—GENERAL ARRANGEMENT OF PLANT. 


FIG. 4.—ARRANGEMENT OF RECEIVING BOXES. 
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Fic. 6.—OPERATING VALVES FOR DISTILLATES FROM DEPHLEGMATORS. 


tem. Ss 

FIG. 5.—DEPHLEGMATORS WITH HEAT EXCHANGERS UNDERNEATH. 


The manifolds on the ends of the separators are provided with covers 

having stuffing-boxes ‘through which valves are operated to regulate the 
flow through tubes dn each Line anes thereby. controlling the heat in 
these compartments, . 

The illustrations, Figs. to 6, inclusive, are from taken 
during the construction of a’ plant employing the Trumble system. Fig. 3 
gives a general view. In the foreground, at the left,.is the pipe heater, 
and located in the brick stack at the left is the evaporator. In the distance 
are the dephlegmators, ‘in the foreground the separators’and the vertical 
condensers for the vapors from the separators. Under the arches are the. 
coolers for distillates. .The pipe lines.in the trench.are.the- distillate lines 
from the condensers and coolers carrying the cooled products to the receiv- 
ing boxes. The arrangement of these receiving boxes is shown in, Fig. 4. 
Behind the boxes are dewatering traps for separating the water from the 
distillates. Fig. 5. shows the dephl legmators with the heat exchangers 
underneath. Fig: 6 shows the operating valves for the distillates from the 
dephlegmators. These, valves.as well as all qperatiog valves are handled 
from one platform. . 

All plants are to meet the conditions ‘wider which they are to 
be used, but they very flexible and are able to take care of.a very wide 
range of conditions by controlling the heat of the furnace and the velocity 
of the oil which tuns through it. It will be impgssible to go into the 
many different-arrangements of plant design, but the following i make 
clear the running of atypical and successful plant. 

The flow of the crude oil through the plant is indicated by the flow 
sheet in Fig. 7. The oil enters through a 6-inch line and is used as a 
cooling medium in the six coolers shown. These coolers are of the hori- 
zontal tubular type, 30 inches in diameter, with 62 2-inch by 18-foot tubes. 
The oil enters at the bottom and passes through the tubes, making four 
passes, and comes out at the top and goes into a»header, through which 
it passes into the four heat exchangers or coolers for the residuum. 

These heat exchangers are 48 inches in diameter, and have 178 2-inch by 
18-foot tubes. The crude oil enters the first heat exchanger at the bottom 
and passes through the tubes, making six passes, and out at the top 
into the bottom of the next exchanger, and so on, to the heater pipes, 
where it is split in two, each half passing in series through 72 1834-foot 
lengths of 4-inch pipe, flowing back and forth and upward at all times, 
we’ yor into the top. of the evaporator, where it Sows down the sides in a 

in film, 

The oil in passing through the heater pipes iid evaporator is “heated by” 
the flue gases. The vapors evolved dre separated in the evaporator and’ 
taken care of later. The oil is maintained at a constant level in bottom | 

_of the evaporator and runs out of the bottom of it as residuum§ A per-' 
forated steam coil is placed in the bottom of the evaporator under the 
liquid, and ‘superheated steam is passed through it in order to drive off 
‘any of the’ lighter distillates which may drop back from the vapors. 
However, very little steam is necessary in this case, qs the heat losses are 
supplied by the flue gases. 

After leaving the evaporator the residuum is used as a heating 
for redistilling the distillates passing through the separators, and then 
flows through the heat exchangers counter-current to the crude oil. The 
residuum enters the first heat’ exchanger at the top and makes two 
passes around the tubes and out at the bottom, then into the top of the 

cond exchanger, and so on through the five heat exchangers and through’ 
a standpipe, which is vented and which controls the head of residuum in 
the bottom of the evaporator, and then to the storage tanks. 
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Fic. 7.—Crupe Om anp Resipuum System. 


Having followed the course of the crude oil through the apparatus, 
showing the separation of it into vapors and residuum, it remains to 
pose of the vapors shown on flow chart in Fig. 8. The vapors from the 

central vapor column of the evaporator are taken out through a shell and 
connected into a header. The vapors pass from this header through an 
oil catcher similar to a steam separator, the condensate passing out of the 
bottom of it into the bottom of the evaporator. They then pass through 
six large dephlegmators in series, flowing into the bottom. of each and out 
at the top. In each dephlegmator a partial condensing of the vapor takes. 
place, thus forming 1 liquid in the bottom of that particular dephlegmator. . 
From. some of the dephlegmators this condensed liquid is a ready product; 
from others it lies just between two different products. 

A system of .water circulation is used as a cooling medium for the 
vapors from the dephlegmators and separators. The vapors are cooled in 
vertical tubular condensers, and about twenty barrels of water are re- 
quired per barrel of distillate cooled. Superheated steam is used in the 
bottom of the evaporator, separators and dephlegmators as an agitator to 
relieve the lower boiler point fractions from the bottoms. About 30 
pounds per barrel of distillate are produced. 


— 
ry 
) 
4 
‘Syposs 
Valves 
) bypass 
alves 
{ 


\ 
, ‘WALSAG ALVTILSIG INV ‘OT 


: £10004 40 Sout] ySog 


NOTES. 
w 


tx 
t 


369 
| 
yess yy 
=f & 
J 
a) 
| 
i 
| | 
| 
; 


379 NOTES. 


With two Trumble plants in operation continuously for eight months, 
the company for whom these plants were installed has averaged a run 
of 16,000 barrels of crude oil per day of 24 hours through both plants, 30 
per cent of this crude oil being vaporized and fractionated into ready 

marketable distillate products. During this time 1.1 per cent of the total 
amount of crude oil run was used as fuel to do this work, and the refining 
losses were 0.75 per cent of the total amount of crude oil run. 

Five men are required for operating the two plants per shift, i. ¢., one 
head stillman. over both plants, one stillman at each plant, one fireman. for 
~ both plants; and one receiving-house man for both plants. 

At the present time the necessity for conserving the fuel oil and thor 
around an oil Tefinery i is imperative. The whole subject is a matter of heat 
units. and their. proper conservation.” th 

In the Trumble. system the products to be re-run in the separators are 
condensed but not cooled, thereby saving heat. The oil i is in a very thin 
film on the shell of the evaporator and is being heated in its downward 
flow. The vapors being evolved have’a free relief and have no opportunity 
of dropping back into the residuum. 

There is considerable work for the mechanical engineer: in conservation 
of heat units around an oil refinery and in most all branches of the oil 
industry. There are large-refineries operating today and using four to five 
hundred per cent more fuel than is necessary to do the work. It is possible 
to save, by proper distribution of the heat available around the oil re- 
fineries in the United States, at least 2 per cent of the total crude oil put 
. through these refineries. There are large oil refineries operating today 
that are using as fuel 4 per-cent of the crude oil run through them to do 
less work than the plant described is doing on 1.1 per cent of the crude oil 
run through as fuel, and the losses due to non-condensable gases, etc., are _ 
cent, 0.75 per Society of Mechanical 

neers.” 


DEVELOPMENT OF THE DIESEL TYPE MARINE | HEAVY-OIL 
ENGINE IN THE UNITED STATES. 


AMERICAN DIESEL ENGINE BUILDERS—WEST COAST actrvinns="conomy AND | 
AND ELECTRICAL OPERATION, 
OF THE ENGINES. 


A. Coey.* 


In dealing with the of: the Diesel type of motor 
‘for marine use in this country, a resumé of what has already been accom- 
plished is necessary, followe by what is now being done to advance the 
ee and what will have to be done if it is to successfully compete 
with steam. 

The west coast builders - ‘have undoubtedly done more for the rapid 
progress of the heavy-oil engine in general than any other part of the 
country, by first installing auxiliary power in their large lumber carriers 
and then gradually overcoming the prejudice which il met everywhere 
and making them full motor powered ships. | ; 
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pass, Lemoine and Crane, Naval Architects, New York. 
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FOREIGN DESIGNS ADOPTED. 


Spuerda on i the sight of foreign-owned and built ocean-going | motor- 
ships in our ports, a few of our large eastern yards have made arrange- 


ments for building Diesel engines from foreign designs, while several other 


foreign-designed engines are now being built in various parts of the 
coun 


The Navy Department ‘ids also gone into the field extensively, alth 
to a much smaller extent than the foreign navies. At the same time, t 
installation in the fuel ‘ship Mawmice was one of the most radical ene ever 
taken to advance the Diesel engine in this country. j astiote Sae 


(NAVY DEPARTMENT'S INVESTIGATIONS. | 


“ue this writing it is, of course, impossible to give detailed seal of he 
perisnamnen of this ship, but there can be no doubt but that our Navy 
ent will have at the end of the war an enormous fund of inval- 
Bepa information on the Diesel engine of both high- and low-speed types. 
There is also no doubt but that the close of hostilities will see the yachting 
interests of the country in the Diesel game to an increasing extent. The 
writer also believes they will lean to the full Diesel type of motor of fairly 
large power, as previous to the commencement of hostilities James Craig 
had powered several small yachts with an out-and-out American-built 
Diesel engine, while Alexander Winton has had a pair of V-type Winton 
Diesel, motors in his own yacht La Belle for over two years. 


REDUCTION GEARS INTRODUCED. 


Both of the above firms are in the commercial motor game 
the Winton people have tripled their shop capacity within the ihe 
months and have contracts ahead for over two years’ work. e horse- 
ower called for in these contracts ranges from. generating sets of 60- 
ilowatt capacity to main engine units of 1,000 shaft horsepower. They 
have also introduced the reduction gear into their work, saving a tremen- 
dous amount of weight in the main engines by so doing for a given power 
and propeller speed. 

n the large commercial sizes the prospective customer will find that the 
wal coast engine builders are alive to the situation, as the Atlas-Imperial 
Company are building units up to 1,200 horsepower, and the surface ignition 
engine builders are voting | shied products also: In the East, McIntosh & 
Seymour are prepared ines up to 1,350 horespower, while both 
the Werkspoor and Surcsnisece & Wain motors can be oe, for from 

PACIFIC COAST MOTORSHIPS. 


The writer has, recently inspected several motorships built at Po: rtland, 
Oregon, by the Supple & Ballin Corporation, the Peninsular Shipbuilding 
Company and the G, M. Standifer Company. The first and last companies 
have turned out a. strictly full-powered motorship, the Ballin ship being 
a 4,500-ton deadweight ship with two eight-cylinder, 500-horsepower Win- 
ton’s direct connected, ‘while the Standifer ship is a vessel of about 3,500 
tons deadweight capacity, powered with two six-cylinder, 350-horsepower. 
Winton motors geared three to one to the propeller shaft. Both of these 
vessels have auxiliaries; except that the Ballin ship has an . 
electric steeri 

The Penin ra are of 2,300 tons deadweight, and are to be pow- 
ered with two, 350-horsepower Wintons, direct connected. They also are, 
to have steam. auxiliaries. 

_ These vessels are representative types of. what i is being built throughout 
the Douglas fir eg, and the workmanship throughout is of the best. 
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The various oil companies can be counted on to help things along, as 
they all have tried out various s of motor-driven ships with sufficiently 
satisfactory results to warrant further operations along the same lines. 


INITIAL, ERRORS MUST BE CORRECTED. | 


Mistakes have- been made in the past which have retarded progress and 

created a distrust of the oil engine generally which will be hard to over- 

come, but a frank admission of errors and a willingness to correct them by 
builders both of hull and machinery will do much to help matters. 

These mistakes and their remedies, also the various other points bearing 
on the building of a substantial foundation under the American motorship 
trade, the writer proposes to discuss in their relation to the various inter- 
ested parties, namely, the owner or operating company, the operating en- 
gineer, the engine builder, the installing yard and the naval architect. 

‘The owner, or operating company, has certain conditions which must be 
fulfilled. His requirements are that his installation shall be reliable, eco- 
nomical, both as regards running expense and upkeep, easy of repair and 


of reasonable first cost. He also must be assured that his auxiliaries will 
be taken care of properly. is 


RELIABILITY THE FIRST CONSIDERATION. 


Regarding reliability, the average owner does not care to experiment at 
his own expense, a the engine builder should be prepared to. meet him 


more than half way in regard to terms, guarantees, etc., and once having — 
done so, to follow them up with the same amount of zeal that was used in 


obtaining the order. 

The owner will also want to know if the particular size of machine he 
intends using has ever been built before. At present the average answer 
will be negative, as the average builder in this country has not had time 
to experiment on a machine of each of the various sizes he intends build- 


ing. One builder has adopted a practice of building a single-cylinder — 


machine of each size and obtaining data therefrom. This is a move in the 
right direction, as there has been too great a tendency toward selling ma- 
chines regardless of their suitability for the work. 


FUEL ECONOMY. 


As regards fuel economy, the Diesel type has a tremendous margin over 
the best steam practice, but in many installations the lubricating-oil cost 
reduces this margin to a very large extent. A carefully worked out system 
of filtration and cooling for re-use of the lubricating oil will help materially. 

Upkeep and ease of repair are vital.. The repair bills and layoffs due to 
engine trouble must be reduced by careful attention to detail. Ease of 
repair can be furthered to a great extent by careful attention to the loca- 
tion of accessories and auxiliaries, as half of the repair expenses in many 
cases are due to the time taken to remove and replace’ piping and other 
gear in no way connected with the trouble, but so in'the way that nothing 
can be done with them in place. ws ' 

- Regarding reasonable first cost based on power delivered, fair competi-' 
tion will probably take care of’ this question automatically. 


“AUXILIARIES—ELECTRIC INSTALLATION IDEAL. 


The question of auxiliaries is one which many of the engine builders ha 


overlooked to a large extent. Two general schemes present themselves for 
consideration, and the Diesel engine salesman should be well posted on both 


fore attempting to talk business. They are, first, the straight steam- 
riven auxiliary installation supplied with 


‘Steam ‘from a ‘donkey boiler, 
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which duaid' te real oil burner, not a makeshift, and, second, the electric- 
driven. installation with oil engine-driven generating sets. Probably the 
electric installation properly worked up with breakdown sets for emergency - 
use and a small water-tube, oil-fired boiler for heating, hot-water service, 
etc., would be the ideal installation. ri 

Above all things in the auxiliary proposition, give the owner 
power. Many of the smaller motor ships at present are using the old- 
fashioned inefficient ‘fire-tube donkey boilers of just sapecity enough for 
the winches when the latter are new. After they have been in commission 

a short time there is a continual loss of time when loading and unl 
which present conditions, is nothing short, of 


STEAM AUXILIARIES. 


A ship equipped with steam auxiliaries should be fitted with condensing 
and evaporating apparatus for make up. The writer also believes that a 
carefully worked out system of fresh-water cooling for the’ main engine 
would be well worth:a trial. 

_ Proper attention should also be paid to adequate bilge! ‘and fire service, 
electric lighting, etc. Possibly the engine builder will think these matters 
out of his province; but they are the mage which the owner will ask, 
and if he is met by answers that indicate the engineer's knowledge: of his 
subject much will be gained. 

he operating engineer is more properly interested in the improvement 
of fuel-handling devices, attention to lubrication problems, and the like. 
The writer believes that most of the builders will do well to bring into use 
many of the standard strainers, filters, coolers and the like, now on the 
market for fuel and lubricating oils, rather than to attempt to go all over 
the work of the very competent engineers who designed them. The writer 
has seen filters and strainers for use with Diesel motors which are crudities 
compared with the accessories used in steam practice. 


TRAINED OPERATING ENGINEERS BADLY NEEDED, 


Efficient operating engineers are at a premium and oil-engine manufac- 
turers generally would do well to take a leaf from the books of some of the 
largest and most successful machinery manufacturers. These latter have 
schools for their embryo salesmen where they learn every detail of the 
machinery right in the shops, so that when sent on the road they are cap- 
able of selling, erecting and making the initial run of the machine. Some 
such scheme used with regard to engine crews would soon give us a set of 
men who would be boosting the game and not knocking it. ~ 

The engine builder has some very strong opinions with d to owners 
and operating o think generally, not without a good deal of cause. Many 
owners seem to think that because their machinery is oil-driven almost any 
sort of an engineer can run it, when, as a matter of fact, at this stage of 
the business it will take the closest kind of codperation between builder and 
engineer to make things run smoothly. 


‘BUILDERS SHOULD DO MORE THAN SUPPLY THE ENGINES. 


The builders will also do well to follow the methods of the large marine- 
turbine manufacturers, who are always at the disposal of their customers 
for information, of all kinds having a bearing on their. installations, They 
are never content merely to sell their main units, but always make it a point 
to know whether the. rest of the equipment, and even the ship itself, will 
co-ordinate with what they are usnepnine, Ea to make a perfect whole. J 

The installing, engineer, or shipyard, also has an extremely important 
part in the success of the outfit, more eetiicniade so with at to a full 
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Diesel installation than with the surface-ignition type.’ The high-pressure 
air lines must be’ installed with the greatest care, which means constant 
watchfulness in these days of green workmen and rush jobs. These’ lines 
should be as short as possible and the whole layout should be as simple as 
conditions will allow. This same thing applies to the’ entire main engine 
and auxiliary installation. 23 HE 
Bas _ WHAT THE NAVAL ARCHITECT CANDO... 

The naval architect’s connection with the advancement of the Diesel 
engine should be along ‘the ‘lines of the careful and ‘accurate’ co-ordination 
of all the before-mentioned points. It should be his duty to impress on 
engine builders the necessity of obtaining proper engine speed for any 
particular type of ship. Underpowering and lack of attention to auxiliaries 
or other details: will do much to slow up progress, (). Miguine 

In conclusion, no time was ever riper for the advancement of any indus- 
try than is:the present time for the advancement of the motorship. With 
the New York State barge canal about to open for traffic, and, in fact, all 
the inland waterways and coastwise trade of the country in need of motor- 
driven craft of all kinds, experience along these smaller lines canbe gath- 
ered to such an extent that when hostilities cease the motorship should 
have no difficulty in giving the steamship ‘the race of its» life—‘“ Marine 


~ 


_ TOSI MARINE STEAM TURBINES. 
In view of the widespread adoption of steam turbines for the propulsion 
of. both naval and merchant vessels, readers of “Marine Engineeri 
_ will undoubtedly be interested in the developments which have been ma 
by the firm of Franco Tosi, Legnano, Italy, the largest firm of steam tur- 


bine builders in Italy. For many years this firm has been engaged in the - 


building of steam turbines, and have so far built turbines aggregating over 


1,100,000 horsepower, in units varying from 12 horsepower up to 25,000 
horsepower. Of these more than 800,000 horsepower have been for marine 
purposes. This firm today employs about 6,000 men in its shops. 
he type of turbine adopted by this firm is shown in Fig. 1 and consists, 
as can be seen from the illustration, of one impulse wheel and. one reaction 
drum, the latter constituting the and low-pressure 
stages of, the turbine. If the turbine is built for a stattonary plant it is 
built in one drum... If, on the other hand, the turbine is designed for naval 
work with reduction gears, it would be built in two drums, one for high 
pressure and the other for low pressure. 
For low-powered turbines, or for. turbines with medium or high power, 
but which have a high speed, if the intermediate stage were built complete 


as a reaction turbine the resulting efficiency would be too low because the — 


first rows of blades would be too small; therefore, instead of using only 
one drum, this firm makes use of the two impulse wheels and one reaction 
drum. In marine turbines for direct drive, that is, coupled, direct with 
the propeller shaft and, therefore, designed to work at relatively lower 
speeds, it would be of little advantage to adopt’ only a one-impulse wheel 
and one reaction drum for the intermediate and low-pressure stages, be- 
cause the blades of the reaction drum, especially in the first rows, would be 
too small for efficient operation and, in consequence, the efficiency would 
be poor. For this reason, the Tosi firm builds turbines in which the 
impulse parts are increased and reaction parts diminished. ‘This method 
has the advantage that the thrust which the steam produces at the, begin- 


ning of the low-pressure stage of the turbine is directly equal te the pro- - 


peller thrust. : 


. 
a 

a 

: f 


Fic. 1—9,000-12,000 Horsepower TuRBINE, 750 REVOLUTIONS PER MINUTE. 
Fic. 2.—Turso Boiter Feepinc Pump. 
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Figs. 5 and 6 show the machinery arrangement for an installation of a 
3,000-horsepower turbine for a cargo boat as built by the Tosi firm for 
different owners. Double reduction gears are provided which reduce the 
turbine speed from 2,700 revolutions per minute to 80 revolutions per min- 
ute. The gears aré constructed i in such a, manner that they insure perfect 
working at any speed. — 

A characteristic part of the Tosi turbine, which is pitented, is the strong 
construction of the blades. 

The stuffing boxes are ota cy by protection boxes in such a manner 
that if the stuffing boxes should come in contact with a stationary part of 
the turbine the danger of reing the shaft is eliminated, This feature 
avoids the extensiye repairs which would be.caused-by a ruined oa 
all that would be necessary would be to renew the protection box he 
labyrinth packing is of the carbon-ring type with equilibrium rings to bal- 
ance the proper weight. 

In this case a 60-horsépower turbine drives the centrifugal circulating 
pumps, the oil pumps for the whole service and the condensed stea 
extracting pump. The oil pump, which is of the rotary type, serves to. 


~ supply oil to the main turbines, to the reduction gear and to the centrifugal 
boiler-feed pumps. 


The turbo boiler-feed pump, driven by a two-whieet! impulse turbine, is 


_ shown in Fig. 2. Turbo blowers serve to put the whole blower room under 
a pressure of one inch of water. They are of the high- high-speed + gat type 
and run at about 6,000 revolutions per minute. 


The condenser is located underneath the low-pressure turbine, in such a 


- manner that the flow of the exhaust steam is much more regular and the 
_ danger of water being retained in the turbine is eliminated. 


The arrangement of the maneuvering valves is interesting. These valves 


_ are of the double-face sluice-gate type of very light construction, which are 
_ kept tight by steam pressure. The maneuvering is done by hand and is 
~ interlocked in such a manner that it is impossible to open the hand valves 
~ for the ahead turbine if the valve of the astern turbine is not closed, or 


vice versa. A speed governor is placed at the end of each main turbine, 
which governs the speed of the turbine. If the speed of the propeller, due 


_ to the movement of the ship raising the propeller out of water should rise 
20 per cent above the normal speed, the governor would automatically let 


out oil through a small valve which is placed at the head of the turbine 


‘itself, so that the oil pressure would be decreased under a piston, and by 
_ means of a system of springs this piston would close a butt valve which, 
-is built in the steam-piping system of the turbine. 


The exhaust steam from all of the auxiliaries is conducted in the ‘cated: 
way into the low-pressure turbine, but when it becomes necessary to op- 
erate the astern turbine, a special valve automatically delivers the exhaust 
aaa from the auxiliaries directly to the condenser. 

is of special interest to note wee the Tosi ‘naval sprite = 

1..-Few but very strong blades: 

2. Very rigid drums, 

3. Protection boxes against friction of, the hasts with. 

4. These turbines can be put into action very readily, so” that on a vessel 
with a 25,000-horsepower turbine starting with cold: boilers it is possible to 
reach full speed within twenty-five minutes, as it is unnecessary to pre-heat- 
the turbines for seven or eight hours, as in other types of turbines. 

The boilers used for‘a cargo ‘boat in connection with these turbines are 
of the water-tube type. They are fitted with a super-heater and with an 
arrangement to heat the air from the products of combustion before the air 
reaches the grates—“ Marine Engineering.” 
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RECENT DEVELOPMENTS IN BALANCING 
_ By. N. PHILADELPHIA, 
: Member of the Society. 


Since my paper. on ‘the subject of ‘Dynamic Balance* was cer- 
tain improvements have been made by me in the machine there described; 
ye = dir ing new machine, based on new methods of balancing, has been 

eve 

2. The principle the original is indicated in Fig, 1, which 
shows a lathe bed which takes the form of a beam hinged at one end and 
supported by a spring at the otber. The body to be tested must first be 
brought into static balance, after which it is rotated in bearings supported . 

_by the beam. If the:body i is dynamically unbalanced its rotation will cause 
_ the beam to: vibrate in a vertical plane with a period of oscillation omual to 
the period of rotation of the aged 


Body 


Spring Hinge 
Cage Motor 


Suspended the beam is a second body in the form 
squirrel cage consisting of two circular discs carrying an even number of 
rods so arranged*as to slide in holes in the discs. The cage rotates in 
unison with the body to be tested, and’ a state ‘of unbalance in this body 
ititroduces a centrifugal ‘couple which i is neutralized by displacing the rods 
in the cage until. an equal compensating couple has been introduced. The 
distances that the rods are displaced serve as a measurement of the 
ane t of unbalance to be provided for and counterbalanced i in the piece 
under test. 


New Orleans Meeting, 1917; ‘Trans, Am, Soc. M, vol. 28, p. 367. 
Presented at the Annuai Meeting, Raenusbes 1312; ‘of The American Soctety of Mechanical 
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j ne ‘improvements upon this machine, referred to above, were as 
ollows: 

a. The substitution for the cage of a two-point element consisting of 
two discs, A and B, each with a pin projecting from its face, as shown in 
Fig. 2. The disc A is fixed to its shaft and the disc B is pee aval to slide 
on the shaft through the use of a feather key f. It is clear that when the 
two discs are in contact they. will balance each other; but when separated 
they will introduce a certain centrifugal couple according to the weight of 
the pins and the distance between the discs, which latter can be varied 
while the apparatus.is in motion. 

b. A planetary arrangement by which the. relative angular position of the 
body.-and. the discs (or cage) can be yaried while the machine is in 
_operation. 

c. The application of a principle whereby the discs (or cage) may be ; 
balance. to answer the problem of static balance as well as dynamic 

nce. 


NEW METHODS. 


5. The new methods which have been developed and applied in a new 


of for static and dynamic will now be 
escri 


a of a great deal of study of the static 
I ive ‘been forced to admit that too much has been taken for gtanted in 
relation to this: subject. Static balance is not a trifling problem to be 
solved easily by placing a rotating body on parallel ‘ways or rollers, as has 
commonly been supposed. ‘While it is true that static balance can be found 
without much trouble in the case of bodies of light weight or where the 
operating speeds are comparatively-slow, there are other cases which are 
much more difficult. For example, consider a gyroscope wheel whose 
weight is about 50 pounds or’so, running at, say, 10,000 r.p.m.; or a turbo- 
rotor whose weight is 10,000 pounds and whose speed is 3,600 r.p,m. 
Neither of these extreme cases can possibly be handled with any degree of 
success by placing the bodies on ways; and yet, unless static balance is 
ow no Sogo balancing machine can be expected to give reliable 
results 


STATIC BALANCE BY MEANS OF PARALLEL WAYS. 


7. It may be well to point ‘out that i in balancing by the aid of parallel 
ways there is a limit to the load which can be safely borne by the journals 
in contact with the ways. ° A safe load for each journal appears to be 750 - 
pounds per inch of width per: inch diameter of journal* For. instance, if 
the ways are 1%4 inches wide and the journal diameter is 10 inches, then 
each side will carry almost 12,000.pounds without any danger of. forming 
permanent flat spots. 

8. It would be of interest if one could estimate the sluggishness of action. 
of a body on the ways under different conditions: The older theories of. 
rolling. friction, as proposed by Coulomb, Morin and Dupuit, do not. seem 
to lead to very reliable results. Résal’s ‘formulat is probably much more 
and is here reproduced i in simplified form (steel onsteel) : 


f=0.056 V1/(1479/D), 


to the writer's remembrance, this figure was first given him by the 
ari the ete fir} Roller Bearing Co. many years ago, and has since been revised by him im in 
connection with other practical data which he was able 
t Résal, Traité de Gisnnigur Générale, T. 11, p. 6. 
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the of shaft with the way and is 
the diameter of shaft, both i in inches. It appears that the weight does not 
enter into the formula, and in general its results should not be considered 
as extending to extremes, but only as characterizing the average run of 

things as they are met with in practice. 
9. The diagram in Fig. 3 has been roughly plotted to illustrate the prob- 


-> 
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Fig. 3 Diagram 70 Prosasie Restova, UNBALANCE 
or Bopres Batancep on Wars 


able sluggishness or residual unbalance which may remain in a body that 
has been brought into apparent balance by. testing on ways. The chart is 
based on Résal’s formula, and, as it is intended simply to illustrate the 
meaning of the formula, values have been exaggerated by plotting shafts 
of small diameter against weights altogether inconsistent therewith. The 
chart is easily read; for instance, if a rotor weighs 4,000 pounds and diam- 
eter of its shaft is 6 inches, then the residual unbalance be as great as 
480 ounce-inches, or say)-2%4 pounds on a 12-inch tadius. It is useless to 
put a body statically unbalanced to such an extent (or even to 50 per cent 
of this) on any dynamic balancing machine. Satisfactory results cannot 
possibly be derived from such tests. An actual case of residual unbalance, 
typical of many others, is of a shaft having a diameter of 2% vm, 
weight of 88 pounds and a residual unbalance of0.915 ounce-inches. 
width of the balancing ways was 5/16 inch (cast iron chilled and ground). 
Be Considering the phenomenon of rolling friction from the standpoint 
was deriv theories of elasticity (Hertz), the sanering tentative lei 
rived for residual unbalance: 
M =0,0004648 P V PD, 
aie M is the residual moment in ounce-inches, P. the weight. per unit of 
contact length (that is, per inch of combined width. of ways), and D the 
diameter of shaft in inches (steel on steel). . The constant may be consid- 
ered to. be, rather tentative, but with the advent of a machine. capable of 
static it wats not take long to more 
ues for it. . d 
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11,/According to to this formula, if an armature weighed 12,000 pounds and 
had a shaft diameter of 8 inches, the residual 
1.inch wide, would be: 
M = 0.004648 X 6,000 V 6,000 xX ozin., 
or over 3 pounds on a 12-inch radius. say 3,600 r.p.m. the centrifugal , “dois 
due to such residyal unbalance would be more than 14,000 pounds. 


USE OF CENTRIFUGAL, FORCE IN BALANCING. 


12. As previously stated, my collier machine for dynamic balancing was 
wine on the introduction of centrifugal couples, ‘created by the operator to 
offset the effect. of the disturbing centrif # couple, constituting unbalance 


6 Boor Sorrorran Pau ror 

in ‘the ‘Likewise, a machine for’ static balancing can be 
based on the same principle, but long study of the subject has led me to Me 
conclusion that the whole problem of*balance, static and dynamic, can 
reduced to'the principle of a single centrifugal force acting ona pr iy 
constrained body.’ Such ‘centrifugal force can be created by the’ operator, 
within'a ro body, by such, means as, for instance, the clamps of which 
two designs are here’shown (Figs. 4 and 5). As will ‘be explained, stich 
clamps may be used 'to offset the effect of static or dynamic unbalance in a 
rotating body, as the case ~~ and to record the extent of ‘such un- 
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balance. They are carefully made and so calibrated that the centrifugal 
force may be given as a function of some linear dimension, read directly 
or measured by an accurate scale. The first clamp is easier to make and 
check for accuracy, while the second design is much handier for quick 
adjustment on the shaft of a cone body. 


MEANS FOR SECURING static BALANCE. 


13. In order to register the effect of statié unbalance of a pete or the 
correction introduced by means of such a clamp as described, the body 
must be 2b goad in such a condition that its oscillations are empbasized or 
magnified to an extent that will be visible to the eyes otherwise its unbal- 
ance, even if considerable, not” be noticeable, and will only result in 
increased pressure on the bearings. Thus,’ in a badly unbalanced auto- 
mobile engine it is most often possible to pick out a range of speeds where 
the engine will.appear to work smoothly; and many an electric motor with 
badly unbalanced rotor will apparently run well, simply because its speed 
may be far away from that which would insure synchronism of the rota- 
tion with the oscillation of bearing supports. 

14. Now, suppose we have a frame, suspended as-showmin. Fig. 6 and 
capable of a céftain period of swinging oscillation. If the body, statically 
unbalanced, is Dperated at a speed corresponding to the period of oscilla- 
tion, the oscillations of ‘the frame will become violent and can be readily 
registered by any suitable dial-gage indicator. Here the body is imposing 
its own period on the frame, which thus performs what, are known as 
forced vibrationsof the same period. Our task is then to adjust the 
speed of the body so that the period of such forced oscillation will be equal 
to that of the natural 1 ggpeer of the frame and body (at rest). 

15. In Lord Rayleigh’s remarkable book* a most lucid explanation is 
= of this phenopienon of “Step” ‘or. synchronism. Lord Kelvin’s well- 

wn ‘device calleda “vibrometer” is likewise based on this very prin- 
ciple. Of course, it is easy enough to séé that a clamp K can always be so 
adjusted, both larly and as regards its off-center position, as to nullify 
the oscillations of the frame, seaghon 4 solving the peablem of static balance. 
No matter ie | heavy the body, it is always possible to place it into most 

‘minute balance by this method, where: onflinary parallels would be alto- 
gether inoperative. - 


16. As regards dynamic balance, “due, i ina ‘statically "balanced body, only 
to the presence of.a centrifugal couple, the following remarks can be made: 
In the first place the “theory” that this centrifugal couple is due to the 
fact that the centers of gravity of both halves of the body, cut through its 
center of gravity, do not lie on the axis of rotation, is radically wrong. 
Take, for instance, a skeleton body shown in. Fig..7.-Its center of gravity 
is exactly on the axis of.rotation, as also are the individual centers of 
gravity of each half, to:the right and-to the left.from A-B. Yet such a 
body would be manifes out of balance (dynamically). Inversely, a body 
could readily be i to bé both in static and dynamic balance, although 
each of its halves were statically out of balance. ‘The only correct way to 
characterize dynamic balance is to say that the. products of inertia, con- 
taining the axis of rotation, vanish ;¥ or, to bet, it practically, that there is 

and Practice of Mechanics, p. 297. 
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17. In the next place, if we:constrain (pivot) one end-of a rotating 
(statically balanced but dynamically out of balance) while:the other 
arranged to float in a bearing supported by springs so that it may move, 
say, horizontal plane, Fig. 8, then the oscillations’ of the body will be 
angular, as from;A to B: ‘Under these conditions: the observer will be 
unable to tell‘whether the: vibrations are due to'a ‘force (centrifugal) act- 
ing somewhere on the body or to a centrifugal couple, ‘unless he knows 
beforehand that the body is in perfect static balance, ‘under which’ condi- 
tion the vibratory effect can be due only to dynamic unbalance. This being 
the case, in view of the reaction of the constrained end, it is perfectly possi- 
ble to balance. the effect of a centrifugal couple by. means of a centri 
force.’ Thus, in Fig. 9 if it’is' assumed that’ the dynamic unbalance is 
to the couple a-b, it will always be possible to’ select a centrifugal Kody 4 
such that it will quiet the vibrating body, and because of its known distance 
from the bearing B, establish the exact value, sign and angular position of 
the disturbing centrifugal couple a—b. 

18. It is thus clearly seen that it is possible to utilize a centrif a caree 
to good advantage’ in finding both static and dynamic unbalance 
and combining the principles illustrated in' Figs. 6/and’8, we havea 
toe: static: and’ mic ‘balancing machine, of which the: scheme is as 

ollows : 

‘DESCRIPTION oF COMBINATION BALANCING 
49) Fig: 10, st bearings C; which 
body. The’ franie ‘has a: ‘period of its'own. The bearing 
either be locked, so that’ it acts exactly ‘like the rigid ‘bearing B,' 
may ‘be allowed to float in a’ vertical platie, bringing into play certain resist- 
gd (spri ai opposing its deflection from the neutral Maire: 1)’ position. 

The corr centriftigal force is indicated’ by K. 

Such'a is known in dynamics'as'a system with two of 

freedom, in general’ being capable ‘of two kinds of motion; swinging of the 

aa ‘the beari Cc being maintained rigid ; ‘and ‘swinging of the bearing 

the frame maintained frigid: by’ Sach ‘means, as’ brackets 5’; 
while the most general’ motion of a _combination OF these two 
motiofis. 

The operation of such a combinatio n is very leat. In order 
to re static bala ice we lock the bearing C and unlock the frame su 
ports S. Then, by properly adjusting the magnitude and “direction of 
we can "reduce to zero, the. bodily oscillations of the frame F, thus i ll 
lishing the exact value and sign of static unbalance in ounce-inch th 

S09, as this has been corrected, we lock the frame F and unlock 
earings .C, when the same centrifugal force K, created by, a suitable < 
i ottces of the clamp as explained above, can be made to correct the 
for dynamic unbalance, as illustrated in Fig, 9. The advantage of basing 

results on. centrifugal pide instead of aa a centrifugal couple is mani- 
st, the former being a, fu tal, the latter a derived, ye 

t the former is capable greater in 
more direct ‘application than the 


22. Fig. .11 illustrates a ne built in ‘accord; with the 
Fig. 10., The early, shows on the right, he 
ns for easy adjustment of its aig as likewise has Paarl trae itsel 

The ‘motor is of 1/3 .H.P, capacity and the body,. through a 
counter-shaft, by a rubber, belt, The. balancing clamp is, the. 
treme: of! the nthe of read 

ordinary tarrett gages, graduated.;in | thousa f an. inc 

Precision which can be secured, on-such.a ‘machine is aimeet uncanny}, 
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enables one to see the sluggishness: of the method of balancing on ways 
and therefore the absolute lack of precision of dynamic balance that might 
be based:on. such results. A well-designed: clamp is very éasily handled 
and its correct position can be established in a few minutes. Its indications 
are capable of tabular interpretation, so that the operator has merely to 
carry beforehand. Of coufse, it is 
clear .1 s' a machine can ilt for any size of body, or for 


APPLICATION OF ELECTRICITY TO VARIOUS AUXILIARIES 
By H. L. 

Abstract. 
In the use of electricity the American Navy has not only been far in 
advange of the merchant marine, but has led.all. navies of the. world, 
Europe, however, seems to have led this country in the trial of electrical 
apparatus for auxiliaries on merchant vessels. lo? 
Among the most striking examples of the use of electricity on merchan 
vessels are the boats being constructed and projected by the Pennsylvania 
Shipbuilding Company at Gloucester City, N..J. This:company has under 
construction six tank steamers of about 7,500 tons displacement, one of 
which is nearly completed and another will take the water shortly, which 
‘will be propelled by geared: steam turbines and their auxiliaries operated by 
In addition, to the above tankers, two cargo vessels of 12,000 tons dis- 
‘placement, will soon be laid down and which will have an equipment of 
auxiliary. motors similar to the above tank vessels with the exception of the 
‘deck. winches, which will consist. of three of 25 horsepower and eight of 
15 horsepower. It is further contemplated that these two cargo vessels 
will be electrically propelled and operated by two turbo generating sets, 
each set furnishing current to a 1,500-horsepower motor, the two motors 
being geared to the single propeller shaft. = nee 
In addition to these vessels, this company contemplates the construction 
also of six cargo boats propelled by geared steam turbines and with elec- 
‘trical auxiliaries similar to the above. 
For the above vessels open-type alternating-current motors will be pro- 
vided throughout and watertight enclosing cases’ furnished for ‘the deck 
motors, with the particular view to protecting them from exposure to 
moisture ; but the cases can be removed, if desired, when the vessels'are in 
port, to.give the motors ample ventilation’ 
In contrast to the alternating current used on the above vessels, the 
Texas Oil Company is soon to construct a tank vessel of approximat 
6,000 tons displacement, propelled by fuel-oil engines and provided with 
direct-current, 230-volt motors on its auxiliaries. 
While it is not here the intention to discuss in detail the relative merits 
of various kinds of motors, it may be mentioned ‘that in comparing’ the 
direct-current with the alternating-current equipments mentioned above, a 
saving in wiring, ‘flexibility of speed ‘control, and improved | and 
torque characteristic for the deck ‘auxiliaries are on the side of ‘the direct- 
current equipments. The alternating-current motor, as pointed out’ above, 
has the advantage of freedom from moving contacts and the reduction; in 
consequence, to a minimum of 'the possibility of sparks’ in places: where 


inflammable gasés' might be encountered, as in the case of the’ tank 
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steamers. This, however, applies particularly to the constant-speed, squir- 
rel-cage type of alternating-current motors, the slip-ring type of motor; 
which ‘is required for some applications being provided with” moving 

In connection with the electric propulsion of ships it ig interesting to note 
that, in addition to the very considerable number of electrically-propelled | 
ships now being constructed for: the: Navy, this mode: of’ propulsion: is’ 
receiving considerable attention in its application to merchant vessels. In 
addition to the two cargo vessels at:the Pennsylvania Shipbuilding Com- 
pany’s plant, which it is expected to propel electrically, we are familiar with 
electrical installations on four oil barges\under construction at New Orleans 
by the Petroleum Transport — These boats are twin screw, each 
propeller being- driven by a 300-horsepower, 480-volt, 3-phase, 60-cycle 
motor, the two. motors being operat by, one turbo-generating set of 
similar voltage and frequency. = == 

We have thus seen some of bie progress which has been made in this 
application of power in the merchant field, and we feel certain that its 
application by this time would have been considerably more extended had 
not the war conditions necessitated, at least in the opinion of the Govern- 
ment officials, foregoing consideration of electrical apparatus in’ favor of 
steam in order to produce a merchant fleet in the shortest possible time. 

In addition to the advantages which have been considered and resulted 
from electrical installations-on naval vessels, fiumerous specific advantages 
are apparent in connection with such installations'in the merchant marine, 
including frequently a’saving in space and weight in the installation of the 
auxiliaries themselves, a very much higher “efficiency of operation, and con- 
sequent saving in total fuel consumption, the elimination of long and objec- 
tional lines of steam piping, which on certain classes of cargo vessels are 
nearly always installed above deck and result in continual steam condensa- 
tion; also, on certain of the auxiliaries, particularly those requiring varying 
speed and load conditions, the electric motor offers some distinct advan- 
tages over the use of the steam engine —“ Marine Engineering.” 


PROBLEMS OF CRANKSHAFT DESIGN. | 


A PAPER IN WHICH MATHEMATICAL EDUCTIONS FROM EXAMPLES FROM PRE- 
VAILING PRACTICE ARE UTILIZED DERIVE FACTORS OF SAFETY AND OTHER 
SPECIFIC VALUES. \ f 


By Orto M. Burrato, 


Gasoline engines, of the kind at present produced in large quantities for 
airplanes and motor vehicles, may turn over at 3,000 r.p.m. or faster. The 
forces necessary to induce afd:/maintain.these speeds, as well as other 
forces closely associated with high speeds, are numerous; but with a par- 
ticular object in mind, this paper will be confined to the three most impor- 
tant groups of forces—the pressures due to the gaseous mixture, the inertia 
forces, and the centrifugal forces. ‘The smooth running and the life of an 

ine depend mainly on these three factors. 

he reciprocating masses linked’ to the crankshaft will be considered as 
one mass‘ concentrated at one point in the axis of the cylinder. sim- 
plification implies that the inertia forces are, like the gas pressures, acting 
primarily in the direction of the cylinder axis, a condition that permits 

* Mathematical Research Engineer, Arrow Motor Car Company. 
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forces...To the same category: 
belongs another genni of forces. which, eccording to. a well-known: law; 
: has its origin, in angularity of the connecting rod. The different com~' 
ponent forces have been determined in respect to two engines of :equal) 
capacity for 24 crank positions. These: positions are uniformly spaced at 
intervals of 30 degrees and. comprise two: revolutions, one’ 
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AND For oF Siumar Desicn. 


Six- Twelve- 
Cylinder... 


Stroke, in. (= bore X 1.667) 6.25 aa 
Weight of reciprocating parts, Ib. (one 4.07 2.60 
Weight of rotating parts, Ib. cylinder) ....... 2.40 1.93 
of rotating parts, lb. (two cylinders) .......... 3.86 


nin components’ when combined as resultant forces and 
graphically represented in and direction, yield irregular char-' 
pte ag "diagrams with whi every engine designer should acquaint 


As_ subjects for investigation, medium-size six-' and 
engines, both’ of the same _cylinder volume, ‘were chosen. Both engi 
are'supposed to be similar in design and up to the same’ standard of ae 
struction. Some particulars relating to these engines are given in Table 1. 

Fig. lisa force diagram pertaining to the six-cylinder engine: The con-. 
centric circle is a graphical representation of the centrifugal forces acting 
on the crankpin at a speed of 2,700°r.p.m. The combined gas and inertia 
forces as above referred to are represented by the irregular polygons. 


Fic. Gas amp Foaces ox 
CRANKPIN oF S1x-CYLINDER ENGINE. 
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instance, O-3 of this diagram represents the magnitude and direc- 

tion of the combined gas and inertia forces if the crankpin is in position 3, 

that is, 60 degrees from the top dead center. For one complete anne the 
different strokes are represented as follows: 


Power stroke, by forces O-1.to O-7 | 
a Exhaust stroke, by O-7 to O-13 . 

Suction stroke, by O-13 to O-19 
Compression stroke, by O-19 to O-1.. 


Bh To obtain a clear picture of the total. forces acting on a crankpin, we 

: must combine both diagrams as follows: O-1 of the polygon with O-1, of, 
f the concentric-circle diagram, and so.on. This yields the diagram shown. 
in Fig. 2, which represents the magnitude and direction of the resultant: 
forces acting on the crankpin of a six-cylinder vertical engine. 

The combined gas and inertia forces for one unit of a twelve-cylinder 
engine and the centrifugal forces are diagrammatically. 
~ represented in Fig. 3. We obserye that these forces are much smaller but 
quite analogous to oven in) Fig. 1. The combination of the gas 
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inertia forces with the centrifugal forces yields the diagram shown in 
Fig. 4, which represents in magnitude and direction the resultant forces 

per cylinder acting on the crankpin of a twelve-cylinder engine. It must 
Re borne in mind, however, that in the case of the engine under considera- 
tion, two single-cylinder engines are acting on one crankpin. We have, 
therefore, to superimpose two diagrams so that their vertical axes include 
an angle of 60 degrees, as in Fig. 5. The crank positions 1 to 24 in the 
diagram are plotted according to the clockwise rotation of the crankshaft. 
The distinction between ape right- of cylinders i is made 


to.the conventional sequence o firing, obtains 2R,.3L, 
6L, 1R,, 5R, 4L, 3R.. From this we see that the. engine on the right ‘is, 
420 degrees behind. the. other; or. (what .amounts: to. the .same 
ahead of. it. It. follows: that, we must combine force 
Q-1L,.due to left-hand engine with force 0-11R due to the: 
engine and so.on. Properly carried out for all simultaneous acting: forces, 
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Fic. 5.—CENTRIFUGAL ComBinep Gas AND INERTIA Forces Dur 
to Two CyLinpers ACTING ON-CRANKPIN oF TWELvE-CYLINDER ENGINE. 
this yields a diagram, Fig, 6, representing in magnitude and direction the 
forces acting on the crankpin of a twelve-cylinder V-type engine. : 

It is difficult to neutralize by. balance weights the effect on the crankpin 
of the forces shown in Figs, 2 and 6, The reason is that the centrifugal 
forces involved are due to a mass performing a relative motion. That is 
to say, the rotating mass of the connecting rod does not rotate truly about 
its own center but s relatively to another mass, which turns about a 
center of its own. | 

In order to be entirely effective under such circumstances, balance 
weights would in turn have to perform.relative motions. This introduces 
extra friction and complication. lance weights for this effect are quite 
feasible, however, for six-cylinder engines, but they are almost an impossi- 
bility for twelves. |The diagrams reveal the fact that the forces are 
smallest in a horizontal direction. This suggests that the oil holes in the 
crankpin should be mea at right angles to the radial lines through the 
center of the pin. The'preferable direction would/be opposite to that of 
rotation. To prevent the\oil from escaping, a labyrinth should be cut. in 
the bushing bearing surface; where the forces°are a minimum. 

A . Sance at Figs. 2 and.6 shows that the difference in the loads acting 
on the crankpin of either engme is fot marked. The maximum load in 
the case of the twelye is 4,040 pounds, and in the case of the six, 4,795 

uurids. The difference between the’ two is 1834’ per cent of the f 

ese loads increasé approximately as ‘the squaré of’ the speed. If then 


the. twelve-cylinder engine runs at 2,940 r.p.m., it is subject to the same 


maximum load as is the six when running at 2,700 r:p.m. “Mention is made’ 


of this' because it is generally found in practice that'a car with a twelve- 
linder engitie is’ ‘geared so that’ the runs at a slightly higher speed 

n’a six-cylinder engine would be ‘made to run. 
The life of a crankshaft’ largely on the magnitude of the 
mean pressure resulting from the various loads acting duringone complete 
cycle; and this has been found fo be 16 per ‘cent’ seriall laller with the six’ than 
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with the twelve. _It.is an axiom in bearing, design that a certain. 


Py 


permissible 
_ load per unit of bearing surface should not be eaceeded, ‘Nevertheless we 


shall not content ourselves with speaking of maximum or mean loads ex- 
clusively, a mistake which is committed by’ ee too many engineers 
who endeavor to ae high-speed-engine | bearings. with a certain specific 
load as their only gui 

Designers also should not lose sight of the: fact that intermittent loads 
such as are encountered in high-speed internal-combustion engines affect 
bearings differently: than does a, steady load. It:is well understood that a 
load ge continually in one direction is likely \to cause! lubrication: diffi- 
culties. To what extent a bearing-will behave well under the effect of a 
steady load is shown by an experiment* made by Professor Goodman, who 
states that he has had a journal running for weeks with a surface velocity 
of 4 ‘feet second a ‘steady’ load’ of 2 tons (4,480' pounds) per 
square’ tach, the journal being kept a temperature of ‘110 degrees F. 
a'stream of water forced through it:’ It is evident that bearing loads of 
this magnitud are hardly permissible under conditions where the load 


Unwin, Elements of Machine Design, part 1,p, 243. 
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subject to frequent and abrupt changes in direction unless an unusual 
amount of attention is being given to the.maintenance of a certain run- 

ning clearance by frequent adjustments. Therefore it is advisable under 
ordinary circumstances either to avoid fluctuations in load or to reduce 
the specific bearing pressure. For instance, the maximum permissible load 
on crankpins of slow-runiing stationary gas engines and locomotives is 
about 1,500 pounds per square inch-of bearing surface. — 

Furthermore, it is essential for an.engineer to bear in\mind the well- 
known fundamental empirical law of fluid motion, namely, that the resist- 
ance to sliding is due to the shearing of the fluid film and js consequently 
a function of. the velocity of shearing, the viscosity of the fluid, and the 
shearing area. This law has proved useful for solving lubrication prob- 
lems and conforms with the well-known experiments by Beauchamp 
Towert which showed that the frictional resistance of a journal at a con- 
stant temperature is directly proportional to the square root of the rub- 
bing velocity and is independent of the total load. 

he laws of friction and carrying power thus far mentioned assume the 
‘presence of- an oil film of not less than a certain thickness between the 
journal and the bearing. Without this film no bearing can be safe against 
undue abrasion. To maintain this peek eneree oil film the designer 
should as far as possible protect bearings from unequal pressure distribu- 
tion, from abrupt changes in the direction of these pressures, jand from an 
undue rise in temperature. 

The pressure distribution, which in most cases is more or less imperfect, 
depends on the design of the crankshaft, and will be discussed more in 
particular later. The character of pressures can be determined by means 
of diagrams. From these diagrams we may derive the mean bearing 
pressure, which, when a sx by the circumferential velocity of the 
soos and the coefficient of friction, represents the work expended in 
friction. 

The rise in temperature may be expressed as a function of the work 
expended in friction, if we limit ourselves to conditions under which the 
radiating surface of the bearing and the feed of oil are the same. 


The frictional work per square inch of bearing surface i is mathematically 
expressed 


cat { 


where 
second and per sqtiare inch of ‘bear 

surface 

of friction ity PPS Hits 


iameter of shaft, inch 2B DE 

speed of ‘shaft, revolutions per mimute 
w= circumferential velocity of feet per second’ 
“According to hered from durable. engines, 
it may be stated. that bv should not exceed 17,000: foot-pounds.per. 
second, This. value is far in excess of other similar .values. Gildner-.. 
states that in case of stationary gas engines the maximum limiting. wali: 


Proc. Inst. M. E., 1883 and 1884. 
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sual of pv based on experience is about 1,500 foot-pounds second: for bear- 
run- ings.lined with white metal. From this it is evident a value of 17,000 
der foot-pounds per second i is permissible only in cases where forced lubrica- 
luce tion is' used. 

load In this connection ft might be suggested that ‘determination cf po values 
$ 18 for. various lubricating systems would be very desirable. 

Do! apply this pressure-velocity criterion to the two engines under con- 
vell- sillestien it is necessary to determine the mean pressure of a complete 
sist- cycle from Figs. 2 and These are 2,870 and. 1.650 pounds for’ the six 
ntly and twelve, respectively. Assuming a crankpin diameter of 2 naan ~~ 
the _ either er engine, we obtain, at 2,700 rpm, a rubbing velocity 0 
2% X ™ X 2,700 
amp = 25002 feet per second. 
con- 
rub- With inches we he eae af he 

2,870 X 2,700 

the = 16,900 foot-pounds per second. 
es With b chanhytn length of 1 5/32 inches we obtain, in the case of the et 
inst 65 
X 2.700 16,845 foot-pounds per secoud. 
1 an ~The total crarikpin length of the twelye, if the connecting tods are ar- 

ranged side by side, should therefore be 25/16 inches. This is about 15 per 
fect, cent more than the corresponding length of the six. With equal crankpin 
eans e loa St s the mean t oa acting on the cra - 
ring pin of a twelve has been determined from the diagram in Fig. 6. As 
the 
d in on the crankpin of six. 

This and all further comparisons between the six- and twelve-cylinder 
york engines are based on the assumption that both engines are running at the 
the same speed. But, as has been emphasized before, it is general practice to 

run a twelve-cylinder engine soméwhat faster than a six. If this were 

cally taken into consideration, -the difference between both engines would of 
course be more pronounced. 

(1) Before accepting the crankpin lengths given above as repre the 


final values, we will ease our minds with regard to the Pebcct nag of the 
specific bearing pressure. In the case of the six we have a maximum load 
dines of 4,795 pounds. The projected bearing area of a crankpin 24 inches in 
Sent diameter and 2 inches long is 4% square inches. This gives a specific 
nit. pressure of 1,125 pounds. 
anal In the case of the twelve we have a maximum load ‘for each cylinder 
ide (taken from Fig./4) of 2,660 pounds and a projected\bearing area of 
nese 2% X 15/32 = 2.46 square inches. This necessitates a specific bearing pres- 
ee sure of 1,080 pounds. The difference between both values:is only 4.1 per 
cent, and both are of such magnitude as to be just about permissible. If 
the engines are to be used for automobile propulsion, then it may be borne 
oy in mind that m um speed is generally not maintained for any great 
tata length of time. The loads above given would represent, then, the excep- 


(2) tion and not the rule, 

at Automobile engines, however, are frequently subject to hard usage when 
ines, * long hills are climbed on high gear. Under such conditions the explosive 
per. pressures alone determine the loads on the bearings, because the speed of 
ieee | the engine is generally so low that the inertia and centrifugal forces are 
alue. : negligible. Assuming an explosion pressure of 380 pounds per square inch 


ge for both engines, we obtain. total-explosive loads of 4,200 and 2,690 pounds 


i 
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specific crankpin pressure of '4,200/4.25 == 990 pounds, while in the second 
we obtain 2,690/2.46 = 1,095 pounds. The difference between both engines 
is-here 10.6 per cent in favor of the six:'- The loads of the two engines due 
to explosive pressure alone are somewhat smaller — those’ obtained 
before at high engine speed. i ort 
All forces acting on the crankpin reactions on the main bear- 
ings. The total load on the main: bearings also includes the centrifu 
forces due to the cra and the adjacent crank cheeks. Theoreti 
miow even prac , it simple matter 'to attach weights ‘to the 

crankshaft that will relieve the:main bearings on the centrifugal forces. 
Whether it is an advantage to do’so’will ‘be: presently investigated by 
means of diagrams. 

The forces to be dealt with at first are those relating to the six-cylinder’ 


engine resolved into components in a manner as determined for a crank- 
shaft of the seven-bearing 


We are now concerned with ‘two groups of diagrams 

a Main-bearing load for a crankshaft without Palance weights : Fig. 7 
loads on main bearings I and VII L {connting from front of engine) ; Fig. 8, 
loads on II, III, V and VI; and Fig. 9, load on IV. 

b Main-bearing. load load fora. er haft with ‘balance weights: Fig. 10 
loads on main bearings I VI; Fig. iu, and VI; an 


WitHout BaLance WEIGHTS. 


; 
hg 
+43 
> 
toy ving miod wiod 9 980.4 lo 
oy oth bigew svods ebsot te: 
wii tom bis aon 
SHAFT 
Th 
2 
2 
if 


4 200.400 600 000.000 


4 


‘Fic. 8.—Loaps on Masw: Bearincs V ann VI or CranxksHAFT 
WirHout BaLance WEIGHTS. 


_It is plainly evident from the ‘scale of the diagrams that the balance 
weights. act to reduce considerably the loads on the bearings, but, as 
already stated, magnitude: is not the ‘last word to: be: said about loads. 
Sudden fluctuations in the direction of the load are ‘equally,.if not: more, 
detrimental: a bearing than ‘the’ mere magnitude of the loads. Quick 
changes in the direction of a force acting on a ‘mass are always accom+ 
panied by ‘inertia effects. We must expect, therefore, that the journals 


‘ ores loads as shown in Figs. 10 to 12 will develop an undesired ‘reci 


or rocking action. :Figs.:7 to 9, however, represent comparativ' 
prion loads. The journals carrying these loads will cieep around on the 
bearing surface, an action in principle like that involved when a ‘planetary 
ead rolls within an internal gear: This facilitates lubrication, because the 
ubricant, while adhering ‘to: the metal ‘surfaces; is continually wedged in 
of load per From this: it is seen ‘that beyond 
ds: of ‘per'béaring there so fer, nothing ‘to say in: favor: of 


weights: 
‘The length of the bearings necessary to carry the respective loads safely 
can be determined: by the formula pos=i7,000 foot-pounds per second. 
With a main-bearing: diameter of 2% inches we obtain for 3700 1 rpm. of 
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the engine a circumferential velocity of w= 25.02 feet per second. The 
mean loads:on the bearings, as obtained from the diagrams, are given in 
Table 2, together with the necessary bearing lengths, the values of pu and 
the specific bearing, pressures. 
_ In the case of bearings I and VII-a liberal amount should be added to: the 
length of the bearing to take care of the loads due to the timing gears and 
the flywheel, and at least :14:inch should be added to every. bearing to allow 
for fillets: But in spite of this we find that the bearing lengths: for the 
balanced: type are entirely too stiort to hold the requisite oil pressure. If 
they are lengthened: so that they are in conformity with this practical: con- 
sideration we will obtain bearings for.a crank-shaft with balance weights 
about:as long as those for a crankshaft without: balance weights. 

.| Apart from these. analytical. considerations it ‘has now. become an: estab- 
lished. fact’ that the smooth running, life and power. of. a well-designed 
engine with a seven-bearing shaft cannot be improved by the’ addition of 
balance weights. This is true in spite of the fact that any shaft with . 
balance weights will perform: much better on any: balancing machine than 
will. its prototype. without) balance weights. This. paradoxical. result: is 
easily explained if we) bear in mind that a shaft..when running: in:a‘bal- 
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‘machine is not stibject sudden which are a 

evil apie to'the reciprocating engine. It seems that the best ‘method to 
these impulses harmless is to stnooth them out by means of the cen- 

triftigal forces, which, as 'we ‘know, are available “free of charge.” 

Tt remains now to determine the loads on the main beatings for the 
twelve-cylinder engine ‘it’ a manner similar to that which was adhered to 
in the case of the six. However, since there is not the slightest difference 
in the procedure, it! is permi ssible to draw conclitsions from former’ results. 


_ We must‘ therefore reconcile ourselves with the fact’'that' in all cases the 


mean ‘pressure of a Complete ‘cycle ‘will be’ about 15 per’ cenit in excess of 

the corresponding ‘pressurés represented’ in ‘Figs. 7 to'12. This conclusion 

is based on the results derived’ from the force diagrams shown in Figs. 2, 

‘4’and 6) These diagrats show ‘that ‘the’ mean’ presstire ‘on’ the" 

a is 15 cenit t than’ that ‘On the cfankpin 
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In the case of a twelve with two connecting rods mounted side by side 
on one crankpin the distribution of load over the whole length of the 
crankpin is not uniform, because the loads on the two connecting tods do 
not at every instant act with equal intensity. The point of application of 
the resulting) loads given in Fig. 6 is therefore Mot in the middle of the 
crankpin, as is the case with the loads given im Fig. 2. The two main 
bearings adjacent\to the crankpin (seven-beating crankshaft) will mot 
receive at every instant exactly half ‘the loads given in Fig. 6, but al 
nately the one will receive somewhat more and the other somewhat less 
than half of the total for well-known mechanical reasons. 

This rough-and-ready analysis, however) permits the conclusion that the 
main bearings of a twelve-cylinder engine should be designed to give at 
least 15 per cent more bearing surface tham main bearings whi h have 
proved successful for a six-cylinder engine { of, equal capacity. 


TABLE 2,—Dara ror BALANCED AND, 


ean | retica ue c 
Bearing number. crankshaft.| load. | | bea ing of pv. | bearing 
Teng} pressure 

¥\Balanced 774. | 16,200 | 

i, V8 { 2,180 16,425 (657 

Balan 39 15 

II, II, V, VI { Unbalanced} 2,190 | 1 16,500 J 

Iv. if lanced 1,520 |\ 1 16,725 | 670 

nbalanced 4,350 |) 17,040 682 


In the preceding di ype: we have heeit dealing with varigus dimen- 
sions for ea a main bearings. These dimensions were chosen 
according tg the Hicthtion of sound engineering. While this method is 
satisfactory, \it is wi to verify the results obtained, perhaps in the follow- 
ing manner. \, engines so far spoken about will develop probably a 
maximum torque of about 3,000 inch-pounds. This would correspond to 
about 48 H.P. at 1,000 r.p.m. However, torque on the kshaft is 
subject to considerable fluctuation, depending on the number o impulses. 
This which, of on’ the ‘operating 

less an engine,, was. made the subject, of many investigations i 
the Wy days of the six, and again at the’ advent of the eight and the the 
twelve. Such investigations have revealed that the multi-cylinder engine, 
six, eight, twelve, etc., certainly Psd great credit for its smooth torque. 

to the small nu mber, of impulses, the torque on ibe. crank; 
six linder engine may, at, intervals, be, two: anda: half, times as on as 

torque, ated on, the dynamometer. In. considering, 1 strength. of 

the. t we. must therefore deal .a,, torque, \of, 7,500. inch- 

pounds. With.a crank radius of 3% .inc throw the erank tan- 
force of 2400, pounds, acting through the crank cheek on the erank- 

we.at, first, cheeks as being. infinitely, strong, ..wei can 

plus. half, the the total length of, the cantiliver 

inch-pounds.. of, resistance to bending of 

cinder ith a: is 0.896. inch, an elastic 

pounds: per, chrome-nickel .s we obtain 
data 16.4 as the facto actor Crankpins are further sub- 


Og 


~ 


ject’ to some shearing and due tothe toad acting directly on them, 
but in the ‘above calculation reece fo not been taken: into consideration. If 
we allow for these extra stresses we may obtain a final factor of safety of 
12, which is not! too: much ‘for so important a lasoa: haft. 

“After this we may ‘now: assume. the: cr in. to» be, infinitely strong. 
From: this point of view we must .¢xpect the, — cheeks to deflect in a 
manner as shown in Fig. 13. The twisting moment to be resisted by the 
cheeks evidently is 2,400 X 3==7,200 inch-pounds. The moment of resist- 
ance to torsion of a rectangular section is 2b°h/9. The permissible fiber 
stress incase of twist is about 75 per cent of that permissible for bending. 
Taking this into consideration, and maintaining a factor of safety of 12, 
gives following equation : 


x O18 1100 


From this; ‘taking h=2% inches, we obtain the aihiin of the cheek b 
as 0.925 inch; or, to give an even figure, 15/16 inch ane small special 
allowance is desirable because the crank cheeks, the crankpins, are 
subject to compound stresses. 

In this connection it may be remarked that, as a -rulé,; the~crank cheeks 
are found to be the weakest parts. Fig. 13 and the calculations’ explain 
why so many shafts break along the lines marked 4 B C. 

In the case of the twelve-cylinder enginé the maximum torque on the 
crankpin will be only about 50 per cent more than that indicated on the 
dynamometer. We shall therefore have to deal with a torque of about 
4,500 inch-pounds. With a crank radius of 2/4 inches we derive from this 
torque a tangential force of 1,800. pounds acting through the«crank cheeks 
on the crankpin. With a crankpin length of 25/16 inches, a f the 
width of. the cheek, we have a total length of 2% inches. -— 
moment on the crankpin is therefore 1,800 < 294 = 4,950 inch-pounds. 
factor of safety derived from this is 20. The twisting moment in a 
crank cheeks is 1,800 33/16 == 5,740 inch-pounds. ; 

The thickness of the cheeks with a factor of safety of. 12 we derive as 
before from the equation: 


From this we obtain a cheek Pista of 0.83 inch, or say, 7% inch. 

In order to compare a three- and seven-bearing "shaft it must first of all 
be observed that the distance between the centers of the two main bearings 
is about two and a half times.as.muclr in the former shaft as in the latter. 
The transverse deflection ofa straight shaft.increases as the cube of the 
distance between-the wapvorts It is evident, therefore, that if other con- 
ditions are the sameya: bearing shaft will deflect up to (2%4)°; that is, 
nearly sixteen times ag much as a seven-bearing shaft. 

It is hardly necessary to point out that excessive deflections are cer- 
tainly not.conducive to the operating smoothness ‘9f.an.engine. Not only 
that, but.even the baci of the bearings is impaired, because a deflected 
shaft will: not permit uniform pressure distribution itthe*bearing. Any 
eccentricity “of Nhe loading--relatively to the middle of the bearing will 
create a tendency to drive‘out.the oi] at one end. This is the reason why 
bearings that swivel -:so’as = accommodate themselves to any inclination 
of the journal ,on.account of bending of the shaft = found to be of great 
advantage. However, as such bearings cannot be thee very well to 
a roa @minimum 

deflection of 2 of a shaft» inversely as the mom as the manent of inertia of its 
est section. In order, then, to three-bearing shaft within the 


402. NOTES. 


same limit of transverse deflection as be obtained with a seven-bearing 
shaft the crankpin diameters of both st shafts must be proportioned in the 
relation of 4/16 to 1, which is to 1. This. necessitates a crankpin 
diameter of 4% inches. for a three-bearing shaft designed to conform to 
our premises. For so small an engine as here under consideration this 
diameter is, of ‘Course; same: it is 
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hibitive to use a seven-bearing shaft ‘for a twelve-cylinder automobile 
engine’ on account of the excessive len The only alternative’ left a 
the’ designer ‘of such: engines is to ice rigidity. 

The torsional deflection of a crankshaft directly proportional to the 
torque moment. In a seven-bearing crankshaft a torque moment of: the 
magnitude M = TX ¢ occurs in the main bearings only. ‘This torque is 
determined by the tangential force T acting on the and by the 
crank radius r, which is one-half the stroke of the engi ° 

Ina three-bearing crankshaft a similar but more torque: ovcers, 
not only in the main bearings but also in the crankpin,’ as illustrated in 
Fig. 14. ‘The momentum of the torque in this case’ is determined by 7 
and by the shortest distance between 7’ and the center of the twisted crank- 
pin, which is ‘denoted by “From Fig. 15 ye ‘that Krein 30° 


H 
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or R=15 7. Consequently, in this case, M=TX 1.5 7. This permits us 
to draw the conclusion that the torque moments or torsional deflections 
a three- and a seven-bearing crankshaft stand to each other in the relation 
of 1.5 to 1. It must further be mentioned that the twist in a ‘crankpin isa 
more serious matter than the twist in the main bearings. We must con- 
r that the only way to, reduce the vibrations set up by a twist in a 
crankpin is by an increase in its diameter, The deflections in ‘the main 
bearings may, however, be minimized by. vibration dampers. — 

The same line of reasoning which we have established in connection with 
the three-bearing shaft must be followed in investigating a four-bearing, 
six-throw shaft. The distance between two bearings is about 1.75 times 
as great as in the case of a seven-bearing shaft, arid consequently’ the 
transverse deflection is about five times. latger With regard to the to 
in the crankpins, the same figures as before Ho cota hed ‘apply, except t 
in this ‘case ‘a’ smaller number ‘of crankpins are’ subject to twist: 

As excessive transverse deflections must ‘be detrimentaf ‘to’ the earlags 
as well as to the operating smoothness of the engine, it is quite reasonable 
to expect that balance weights will be an advantage for the latter two types 
of crankshafts, which are inherently weak. Seven-bearing crankshafts, 
when well designed, are elgg 3 be enough so that cannot be 
improved through the addition of balance weights. We can predict, there- 
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number of bearings than would be desirable from the viewpoint of stre 
Balance weights are like the flywheel, the symbol. of. some imperfection. 
If we compare shafts of equal strength. we will further find that the weight 
of three- or. four-bearing, six-throw. crankshaft that is properly: balanced 
will by no means be less t that of a seven-bearing sha 

The total piston displacements of different engines designed with a con- 
stant stroke-bore ratio are proportional to: the cube of cylinder bore. 
For instance, if the bore of an engine.is b, and its stroke is 1.667), the piston 
displacement. of this engine per cylinder is /4) 1.667) = 1.3090". . 

‘he explosive impulses. of different engines are proportional to the 
square of the cylinder bore, providing that the same compression is used 
throughout. Denoting the bore: of .a six-cylinder engine with bs and that 
of a twelve-cylinder engine with bu, we find for two engines of equal 
total piston displacement the following relation: 


From this it follows that 
Xbu. (3) 


- The explosive impulse E of an/engine is proportional | to the square of the 
cylinder bore. Between the explosive impulses of a six- and twelve-cylin- 
der engine relation exists : 

/ 
When substituting for the given’in [3], we obtain 

In practice we invariably find that the small-bore is working under 
somewhat higher compression. This results in a win explosive force 
per unit of — area.» To give an example, we may assume, for the 
two types of engines to be compared, that the large-bore, six-cylinder 
engine may work with a compression pressure of 85 pounds per square 
inch, and the small-bore twelve-cylinder engine with one of 90 pounds per 


. fore, that the use of balance weights will. be limited to shafts with a ane 


this. we learn that for a standard of engineering 
sive impulse of a six-cylinder engine is about 1.5 times as large as that 
of a twelve-cylinder engine of equal total piston displacement. tes 
In conclusion, a few words may be said about lubrication, alth this 
can be considered a problem all by itself. To obtain absolutely satisfactory 
conditions, the oil delivery to the bearings must be in direct proportion to 
the work converted into heat by the bearings. We should lay out a series 
of diagrams, as for different engine speeds and for 
different power outputs. e values of py obtained from the various dia- 
would give us a clear picture of how the oil delivery should. be 
tighter pf Scientific oiling would eliminate scraper i , and thus permit 
ter It also sooted spark carbonization, 
would ; permit compression.‘ Journal, American 
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EER» DIVERGENCE ‘OF ‘STEAM: NOZZLES. 


book ou that in expanding adiabatically 


=Fiand 144 fr 
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where V; and Vo are the 

| | 
and as 


we have 


(1), and (4) inte (5), 


uation f th flare of the nozzle, 


becomes: 


& 
rhe i : 
At the haa 
pi’ 
so that at the throat . 
. . . (a) 
: : f A, is the atea ofthe nozzle at the throat, and Ao that! at the exit, the 
dexitofthe 
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As the ratio of ‘the specific eats, or 7, ‘maybe considered as practically 
constant in these equations for the adiabatic expansion of steam, it will be 
seen that the flare depends only paras amount of expansion by —— 
in the nozzle; that is, that it is the same for a nozzle expanding Tom 200 
ounds per square inch to 20 pourids as from 10 ponds to 1 pound. ‘Sittce, 
owever, the value of y for saturated steam is less than for eated steam, 
the flare is slightly less in the latter itasia hd adood 


For the critical expansion Z = (i the value of Ao/At is unity ; 
and for the ordinary values of y, which are from 1.135 for saturated steam to 
1.3 for superheated steam, the relation between the and the ratio of ex- 


on in the nozzle is approximately a straight line, except for lar; 

It may be mentioned that in the common case, where the steam is at Find 
superheated and them become wet as it expands, the average Value of y 
between the value for superheated steam, namely, 1.3, and that for saturated 
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Fig. 1 shows the between the flare and the amount of 
‘‘divergetice’® is ‘to be understood. as ratio of erea at 
nozzle‘ to the throat area; practice nozzles are 
is to have too little flare 


the curves,given by, Mr, W. J. Goudie# 
from an analysis of data publish a Seewrets,: a combination of these 
increase 
Martin’ has pointed 
where is, for om, he rage the in pVA cor 
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FABRICATED SHIPS.t 


ihe ships” one  publie interest: 
x ship: may ‘be defined, briefly, ‘as’ a ship on’ ithe work of: 
punching ching, and shad aping | the plates and’ shapes and, to some extent, assembling 
d riveting!’ is do one in a fabricating Shop, ‘ordinarily joyed' for ‘bridge 
or. tank work, as from the ‘usual’ practi doing: it? 
shipyard. punch shop, 
far as the w kiiows, the fabricated’ ship’ ts of 
progréssiveness. principal ‘credit “for carryitig out the’ fabricating 
ide is due to Mt: C: P. M. Jack, now consulting engitieer, and to’ Mr.’ Max 
lemStyn}’ manager of the “Chester Shipbuilding Company 
and of the Merchant Shipbuilding Corporation, ‘and it would be improper 
to ‘ni that the ideas of Messrs. Jack and Willemstyn could 
proba v2 not have heen carried out except for the ‘interest! and’ assista 
them ‘by Mr. 'J A. Farrell, president of the United Ste 
‘orporation; by offidials of the American: Bridge’ Compa 
The construction of fabricated ships makes' it ‘possible to have’ tet 
done ‘by those, ye ate specialists inthe ‘line of fabricating 'steel’ with, 
of the. special tools Yabor-saving’ devices at their disposal.’ Tt re~ 
lieves fhe’ of the’ shipyard from the’ ‘multitude of detail ‘that 
goes with stich work, reducing’ his eiis t0 those” of en ginesting, eree! 
tidn, riveting‘ and’ assembling workmen, and’ to! the installatio n' of 
other. units ‘of outfit and equipn it 


Aain practice the efficiency is always above go per.cent, that 
7 ering.” 
mt 
Bib 
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The of hip which’: Chester: Shipbuilding ‘has. built, 
and which it and the Merchant Shipbuilding: Corporation: are now: serge 
provides for the use in all places°of conventional:ship :shapes»and ship 
plates, subject to the rules, inspection and survey of the registration society,! 
both ‘as to quality and material,‘ dimensions, riveting and other: mattérs. 
These ‘are’ cargo carriers of about’8,800:to 9,000 tons ‘deadweight 
capacity with poop, topgallant lant forecastle and bridge, the latter being about 
124 ‘long. ‘with ‘the of the poop and) topgallant: 
forecastle, are without sheer at the' ceitter' line. Complete: double: bottom. 
for the carrying of fuel oil or water ballast is fitted. The machinery. is 
located amidships and consists of high ou aapormenre turbines, driving 
-In the emergency: which has. recently. arisen are 
constructed from shapes and with regard 
which the writer has no personal detailed knowledge. It would ‘appear 
se him that there might arise certain, difficulties in using this character of 
are cognizant of ‘regard to # 
The ship ‘is! cial posebility if duplicate ships’ 
are built and, therefore, this policy was adhered to as far as possible from 
the beginning i in contracting for the ships at Chester, there being but four 
different classes. These classes are as follows: — 


mi 


OF SHIPS). / 


Pi Tank of. about 9,000 deadweight fitted with 
castle, poop and s ort bri i deck; at centerline and top o 
top, to under side of main 2,continuoy: exten een 
poop topgallant. forecastle takes care ay! and a 
working. deck. between the bridge, poop.and. forecastle decks. 
is located aft and of a 3 low-pressure, turbine driving a 
screw, through eduction. 
freighter of 8, 800 to 9,000 tons ‘deadweight 
topgallant ecastle and bridge, r being about 124 
in his vessel is built with, te double 
for) the carrying,of fuel oil or. wales ballast.is fitted inery is locat 
amidships and. consists of ,high and lar turbines. a. si 
screw through reduction gears, 

3. Shelter-deck frei cighter of a about 9,400 city, hiv; 

ing, poop,, topgaflant orecastle lete ottom. for 
carrying of fuel oil or water ballast. is. fitted. Machinery is located 

amidships and consists of high and lowrpressure turbines driving. a. sit 
about 8,800. to 9,000 tons deadweigh 

wo reighter weight 
ity, having poop, topgallant forecastle and bridge. decks, with' a 
exception and, forecastle decks, are without at the. center- 
line... Com; ouble. bottom for. the carrying of; fuel.oil or water ballast. 
is. fitted, hinery_ is located amidships consists of high and low-. 
pressure turbines, driving a single screw through, reduction gears. .. 

Except as to details which may be modified to provide for ease of fabri- 
cation, the fabricated ship does not differ essentially in structure from any 
ship of a similar class: is that of 
multiple punching. ; 
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The grote difficulty with the arrangement for multiple punching lies 
n the fact that the‘minimum distance from center to center of punch dies 
ina multiple punch is regularly 2 inches, which distance can occasionally 
be reduced to 1% inches. 
“The term. “multiple ptinch” implies that the spacing ' rivets ‘is’ to ‘be 
iaid out so that the spacings of rivets in different successive rows are in 
multiples of each other or in multiples of 2 inches. Take for example ‘a 
butt spacing of ‘four diameters of 7%-inch rivets ¢qual to 3% inches. ‘The 
frame riv in this case‘could be six diameters or 5% inches, which is _ 
no multiple of 314 inches, arid neither is 344 inchés a multiple of 2 inches: 
A compromise is made in this case by making an average butt-spaci 
of 314 inches, which can be done by spacing in groups of three, viz: 3 
inches, 4 inches, 34 inches. The punches for the butt and ‘frame, spacing 
ed in the machine as follows :'3%4' inches, '2 inches,‘ 2 inches, 
3;'' The first, second, fourth and fifth ‘punches ‘would be used for 
at ay ee ‘The first, third and fifth for the frame spacing allowing 
| Where the butt-spacing is'344 diameters and the frame ing 7 diame- 
ters, such as on smaller size ships, ‘there ‘is’ not much trouble; but the mul- 
tiple. punch is hardest to apply on the 9,000-ton, clear-hold, single-deck 
ships, with their 534 and 6 diameters frame riveting. Again, on the larger 
ships with 4-inch butt-spacing: it is easier to be according to rule, and it 
should be here noted that Lloyd’s Register of Shipping has been very | 
progressive and broad-minded ‘in allowing the use of the average ‘spacing 

e first thing to do.on;a)s esigned for, multiple punch is to arrange 
the midship section in such a way that all longitudinal rows of holes fall 
in line with the principles just explained ; ‘secorid, ‘to arrange the plate width 
so that the greatest ‘number of equal width plates are obtained; third, to 
see that, if possible; each plate is symmetrical about the long centerline ‘of 
the plate, so as to avoid any possible countersinking errors. No templates 
are required for! setting the multiple punch, which is entirely:done from 
the typical. rivet-spacing drawing. pom al 
In, the minimum. longitudinal spacing. between the 
rivets of one row those of the other is.1 inch, but, 14 inches is 
preteranie This space is required for the stops and pawls, which stop 

table during the downward stroke of the punch-head. . It is,.of course, 
possibie to reduce the minimum space to small fractions, but then the 
uman element of error is introduced, as 2 man has to insert.a liner be- 
tween stop and pawl, equal in thickness to the change in spacing. wanted. 
Otherwise the machine is electrically controlled, except the thro in of 
the clutch for punching. ; 
A “pole,” being a batten about 3 inches wide by 14 inch thick and of such 
length as is required, is used as template for, the longitudinal spacing. 
Steel stops are ‘inserted in the holes of the batten corresponding’ with rivet 
spacing, or, on the newest machines, steel stops are set up in a steel rack to 
suit the’ pole. Different color of light is shown ‘where’ butts, edge-seams, 
frames, ete., occur, and the man on the levers is acting solely’ according 
to these colors. ; To 
The multiple, punches have, as a rule, only three or four’ set-ups; that is 
to say, one set-up for butts, one for edge-laps, one for frames, one for; 
say, intercostal angles in. conjunction with the edge-laps..: In. this case the 
watertight bulkheads. could not be punched if the holes. would not. entirely 
coincide. .with one of the four set-ups, It is possible to omit,a, few; holes 
in some of the set-ups, but this. is done only by hand. The man on. the 
punch can release any number of punches temporarily by disconnecting the 
gag-operating gear for these punch diés. 
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The Chester Shipbuilding Company, Ltd., has, wherever possible, carried 
out idea of. and standardization, but very, ptten has had to 


ing. 
eras Chester + Shipbuilding Company, Ltd., and the Merchant Shi 
Corporation are now building, some sixty-eight ships on. the  Shiphiing 
rinciples outlined above. It is expected to embody eyen more than has 
been possible in the past the manufacturing idea, thus making. it possible, 
this day of labor bor te do .a maximum of. iWork with a minimpm 


 CARGO-SHIP LINES OF SIMPLE FORM, 


PAPER, READ. BEFORE, NAVAL, SOCIETY DESCRIBING RESULTS | OF 
OF MODELS OF SIMPLIFIED FORM AT WASHINGTON, : 


By Constructor McEnree. U.S. N: 


aa recent wide discussion. and general interest in: possibilities ' of 

standard cargo ships to be built in large numbers from standard plans has 

tied brought into prominence the matter of simplifying the form er 
> 

‘The tendency in ship construction for a long périod has 
tion of simplification. In general, the simplification’ of ‘form requires the 
use of plain surfaces at right angles instead of curved surfaces wherever 
possible, Where curvature is ‘unavoidable, the simplest of ‘curves, the 
circle, should be used. All curvature should be in one ‘direction only; 
that is, surfaces of double curvature should be avoided’ so far as possible. 

“"Phiese' considerations lead, in the forming of a ship, to the adoption of a 
midship section formed by ‘two vertical lines and a horizontal line at the 
bottom, the corners or Li being rounded off by circles of seule radius, 
The ‘sides and bottom of the ship will be flat surfaces carrying the full 
midship section. well. forward: and making what is ‘known as the 
parallel middle body extend as far as possible without excessive increase 
in resistance. Forward, where it is necessary to fine. the lines to. form an 
entrance, it can be. done by gradually decreasing the. width of. the, ship, 
keeping,the bottom flat.and the sides vertical, the bilge being formed, by 
a quarter-circle of constant radius equal to that used. for the middle gett 
of the vessel. 

Aft, the possibilities. of simplification are limited» by the necessity for 
providing space for the propellers. Two different methods of simplifying 
the after body are shown in Model 1,997 and Model 2,056, Figs. 1 and’ 2. 

é genéral result in these forms is to make the waterline: somewhat wider 
and place the displacement higher up, ‘This atrangement seems favorable 
ftom both the resistance and the ‘standpoints, have 
as regard ‘seagoing qualities, 


items for a group of ships, haye been duplicated. as [a 
The dimensions for all but two ships contracted for by the Chester 
Shipbuilding Company are: enh, 401 feet; molded breadth, 54 feet; 
— molded depth, 32 feet 9 inches. Some have had sheer, but, in the latest A 
i type, sheer is dispensed with and a raking forecastle and poop substituted, : 
i giving the effect of sheer, but simplifying the work of manufacture. 
' _ The results of the fabrication in the Bridge Company's mills as outlined 4 
‘ above is beyond. criticism. Work is fair, rivet holes require no reaming, 
i and the resulting fit of joints and watertightness is excellent. Constructing 
i hi m r x robl f routing, handling and erec- f 
| | | 
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In the present investigation an attempt has been made to show how the 
power required for propulsion is affected by simplification of the lines of 
three different types of cargo vessel. 

Models 1,978 and 1,997, lines of which are shown on Fig. 1, are models 
of a 160-foot oil-fuel barge of 830 and 850 tons, respectively. Through a 
slight error in making Model 1,997, the cylindrical or. prismatic coefficient 
and displacement are somewhat larger than for ‘the model with which it 
is compared;. that: is, No. 1,978 of conventional form. The effective 
horsepower curves for the estimated power are shown in Fig. 4. It. will 
be seen that the curves are very nearly the same, the simplified form re- 
quiring about 35 effective horsepower at 6 knots, as compared with 34 
for the conventional form, due to the larger cylindrical coefficient of the 
simplified form. 

Models 2,023 and 2,086, lines of which are shown in Fig. 2, are of a 
400-foot, 10.5-knot cargo ship of the usual single-screw type. At 10.5 
knots it will be seen from the power curves, shown in Fig. 5, that the 
simplified form ‘requires something less than 2 per cent greater effective 
horsepower than for the conventional form. As Model 2,023 gave results 
which were considered to be good for this type of vessel, it follows that 
nee simplified form, Model 2,056, would require appreciably less power 

than many cargo ships of conventional form in this general class now 
and building. 

In Fig. 3 are shown the lines of: the United States collier Neptune, and 
of a 500-foot cargo vessel of simplified: lines and somewhat greater dis- 
placement. The effective. horsepower curves for these two models are 
given in Fig. 6. Qn this plate, also, is shown the estimated effective 
horsepower curve for a.500-foot ship of conventional form having the same 
displacement, 20,000 tons, and the same cylindrical or prismatic coefficient, 
.74, This latter curve is estimated from tests of one of a series of models 
of conventional form. The: simplified form requires a little more power 
than ‘the latter for. speeds up to.13\knots,. From that up to a speed’ of 
about’ 17 knots the Simplified form is‘the better, the advantage at a speed 
of 15. knots being | in the neighborhood of 7 per cent. On the same sheet 
it will be seen that the Neptwne, which is\of the conventional form, but 
520 feet in length and of somewhat less displacement—that is, 19, 340 tons— 
requires in general more power than the simplified lines. 

The main dimensions of the models, or’ panes of the ships ‘Tepresented 
by them, are given in Table I. © 

In general, it appears to be safe to conclude: that -cargo vessels can’ be 
built’ of ‘simplified:lineswhich will give practically as good results from 
the resistance standpoint as those built from the present conventional ‘tines. 
If propulsive efficiency is also taken into. account, it is believed that the 
simplified form will have, at least in certain .cases;, ee over: the 
present International Marine Fine Engineering. ~ 


 STEAM-CARRYING CAP CAPACITY’ “OF PIPES! 
By W. H. Tues. 

The chagts on the following pages are. to give, ~at one 
reading, the pounds ofsteam “or *the ratéd ‘horsepower that a pipe of a 
given size will supply under the conditions of pressure, heat and velocity 
given. The two velocities and temperature conditions used offer sufficient 
range from which to determine the pipe size for almost any other condi- 
tion as near as the commercial pipe sizes will permit. - 

It is well to remember that pipe sizes are only nominal at best and that 
14-inch and over is “ outside diameter.” : 

The charts have been found extremely useful. They are entirely 
original and have never before been published.—“ Power.” 
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REINFORCED CONCRETE SEAGOING CARGO STEAMERS 


ON THE DESIGN AND CONSTRUCTION OF SELF-PROPELLED REINFORCED CONCRETE 
SEAGOING CARGO STEAMERS, NOW BUILDING IN GREAT BRITAIN.* 


By Mr. T. G, Owens THurston. 


When in April, 1914, I had the honor of reading before this Institution 
a paper on “Some Questions Relating to Battleship Design,” I could 
never have imagined that my next contribution would be on the construc- 
tion of ferro-concrete ships. . 

For years past one has heard of the construction of small vessels or 
barges of ferro-concrete, but these were never of sufficient size or import- 
ance to warrant closer investigation, and the whole subject appeared to 
be one that could safely be ignored so far as ocean-going ships were 
concerned. 

The enormous losses of cargo-carrying ships during the war, coupled 
with the great scarcity of steel for ship-building on account of its diversion 
to other uses, have made shipbuilders endeavor to find some othér material 
to replace steel for ship construction, even if only as a temporary measure ; 
In this particular direction, shipowners have perhaps been really more 
progressive in their ideas than the shipbuilders. It was largely owing to 
shipowning friends of mine, who recognized the disastrous effects which 
the immense losses of mercantile tonnage would eventually have on the 
country, that steps were taken which led to the inception of the design 
and construction of the ships hag | the subject of this paper. Without 
knowing anything as to the merits of ferro-concrete for shipbuilding pur- 
poses, they considered that if small craft had already been built with 
such material it was worth a trial, under present conditions, in larger 
ones, and after much consideration and investigation of the work previously 
done in this direction the author finally agreed with them. 

The possibility of building wooden ships to make up for the scarcity of 
steel ships had been catefully considered, but it was found that although 
the timber supplies in certain countries were adequate for the purpose, a 
long time must elapse before green timber would be sufficiently seasoned 
to allow of its efficient use in ships’ hulls, although in many cases such 
timber has been used, and has proved more or less satisfactory for a. 
limited time. In addition to this, the problem of skilled labor would have 
been accentuated rather than relieved, as it was a practical impossibility 
to get:a sufficient number of men skilled in wooden shipbuilding to allow 
of construction except on a very moderate scale. These and other considera- 
tions led us to abandon the idea of wooden shipbuilding as an efficient sub- 
stitute under the present urgent circumstances in favor of ferro-concrete, | 
the latter being a material which, if successful, would at once allow a 
large addition to be made to the present output of cargo-carrying tonnage. 
Moreover, the system of construction calls for a minimum amount of steel: 
and a minimum amount of skilled labor. Such construction also reduced 
capital expenditure on yard plant, as it is much less costly than ordinary 
shipyard plant and requires less skilled’ attention, Another point in. favor 
of ‘ferro-concrete construction is that, compared with ordinary shipyard 
labor, 'there is not so. great.a variety of trades involved. For example, 
the same men who, at a later date, are employed on casting the hull, are 
in the initial stages utilized in casting and laying concrete blocks and in 
making ferro-concrete piles for the building berths and other necessary 


* Paper read at the Spring meeting of the fifty-ninth session of the Institution of Naval 
Architects, March 22, 1918. 
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work, which this materi ¢an be instead 
of timber or steel, both of which require skilled labor of different trades. 
Although the suitability of ferro-concrete under present abnormal condi- 


tions and on econonsical considerations was. apparent, its acceptability for 
__ ship construction had to be investigated from the naval architect’s point of 
view. With this object in view, we decided to design a seagoing cargo 


vessel of réasonably large dimensions to assure ourselves that ach a 


vessel, constructed of ferro-concrete, would satisfy conditions of strength, 


seaworthiness, deadweight capacity, etc. The difficulties in the preparation 
of the design proved much greater than was anticipated,-for whilst we, as 
shipbuilders, could prepare and supply the particulars and drawings of the 


vessel and approximate to the maximum stresses co on the various 


members, we had no practical experience of the construction of the ferro- 
concrete part of the hull, so that it became necessary to work in conjunc- 
tion with a reliable firm ‘of ferro-concrete engineers, who would carry out 
this part of the oe ae it on work actually done, This association 
of shipbuilders and 


respect to shipbuilding of this: type. 
It was eventually decided that a self-propelled cargo vessel of about 


. 1,150 tons deadweight was as large as we were justified in commencing 


as a first venture. It was agreed that the vessel should comply with all the 
requirements. obtaining for steel vessels, and the general scheme was based 
upon that of a similar ship constructed of steel. The dimensions, for 
reasons which occurred in preparing the design, differed from those of a 
steel ship of the same Bally dee especially in length. 
The dimensions ai and other ' particulars ly deci led upon were as given 


below: 
Draught, when loaded, feet and inches...... 


The’ following wigs indicate the general” and other 


features of the vessel 1, page 424, general arrangement plan: Fig. 
page 425, midship section; Fig. 3, sheer " draiight or lities plan of the et 
he various arrangement drawings were prepared-and scantlings arranged 


in accordance with Lloyd’s Rules for steel ships. Using these scantlings, 
made | of the calculated section moduli of the various mem- 


on nebique principle of “ equivalent which were adopt 
as a basis for caleulation of weights, etc.’ The design was then caref 


rs the engineers prepared constructional opted 
ed and calculations. made qs far..as possible for the stresses 


which the vessel would: be subjected to, both longitudinally and trans- 
__versely, under alll reasonable conditions of construction, launching and 


service. One of the first things observed ‘in the case of the ferro-concrete 


hull was-thaf the center of gravity of the structural material worked out 
much lower.than in the case of a steel hull, the result being a greater 
» metacentric height than was desirable. To minimize this, the original 

of 34 feet was reduced to 32 feet, and in order to obtain the same hol 


increased from view of feet 6 inches to 19 
eet, 6 inches, ortuna , from point o wo longitudinal strength, 


o-concrete engineers has proved mutually satisfac- 
‘tory and advantageous, and each party found that it had something to 
learn from'the other with 
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Longi ‘tudinal Strength. calculating itudinal ‘stresses the 
was firet of all assumed to be in still water with the holds loaded uniformly 
to the full-load condition, giving a displacement of 2,350 tons. In this 
condition the maximum bending moment worked out at about 4,100 foot- 
tons.’ For hogging stresses the vessel was taken as being in the: same load 
condition and on the crest of a trochoidal wave of length equal to the 


length B.P. of the vessel, and height equal to “engi giving a maximum — 


shearing force of 180 tons and a maximum ogling moment of 10,000 
foot-tons. In the sagging condition the vessel was much more severely 
loaded, three-fifths of the cargo being placed in the middle of the hold 
space and one-fifth at each end, respectively, resulting in a maximum 


shearing force of 180 tons and a maximum bending moment of: 7,000 foot- fs 7 


tons, 

In the case of launching, the maximum icing force reached as high fe 
as 220 tons, with a maximum bending moment of Py ce A’. 
generous margin was allowed over these figures, and the vessel was de- ~ 
signed to stand the stress corresponding to the following : seo 

Hogging moment— 


Displacement X 1 
13,500 foot-tons. 


moment 
Displacement x = 10,000. foot-tons 


7) 
Shearing force— 


inforcement, taking account of local stresses, never exceeded 9 tons per 
square inch, and the maximum compressive stress on the. concrete 750 
pounds per square inch. Fig. 4 shows the longitudinal bending moment : 
curves of the vessel in the various conditions, 

Transverse Strength.—In calculating transverse strength the eeieniees 
framing was analyzed in order to ascertain the maximum bending moment 
to be resisted by the floors, frames and beams under the various systems 
of loading to be met with in service. 
oe conditions assumed, for which calculations were made, are as 

ollows: 
(1) Vessel, without pillars, loaded to deep draught i in still water. Cargo 
' load in hold and on deck (see Fig 5). 

(1a) Vessel, with two pillars fitted, one at each side of hatch 
loaded to deep draught in still water as in condition (1) (see Fig: 5). 

(2) Vessel, with two pillars ‘fitted; loaded~ as~in™ 
wave crest, with no cargo on floor girder (see Fig. 6, page 427). 


(3) Vessel, with two pillars fitted, loaded and situated in wave hollow * ve 


_ with full cargo, load centrally placed below hatches and no deck | cargo, 


(4) Vessel, with two pillars fitted, in light condition, in dry dock, ” 3a 


docked ‘on center keel: Zz 

The calculations were investigated on the “principle of least work.” od 
taking the reinforced framing as monolithic. In the moment as calculated. ; | 
there has been taken into account the stresses in the framing where only a «7 
support is:-received from the pillaring thr the medium of 


gitudinal girders, spanning ‘between the transverse frames. The scant-. 


lings of the framing have been proportioned: tothe more severe conditions 
met with at the floor girders, bilge, side: frame, deck corner: and beam. 
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It may be observed that if the floor girder is designed to resist the bending 
moment in condition (2), it is also strong enough to meet the docking 
condition in condition (4), where the bending moment is about two-thirds 
that of condition (2). In condition (3) thé bending moment is reversed 
in direction and the floor tends to deflect downwards caused by a bending 
moment peorpsienascly two-thirds of that causing the: upward deflection 
in condition (2). To. provide an estimate of the bending moment to be . 
allowed for in the first instance, the framing was treated as a continuous 
girder, and the free bending moment calculated for the several spans. 
These were plotted on a straight base representing the neutral axis of the 
framing and the theoretical fixing moment lines drawn; at the points of 
junction between the floors, frames and beams—where the amounts of the 
fixing moments varied—the difference in bending Moment was propor- 
tioned to hl expression L/I of the member on: each side of the joint. 


3 


Bight of 
a 


Diagram 2 on Fig. 6, page 427; indicates the bendiai, inibeecn de esti- 

mated by..the. approximate method for condition (2),, “Fig. 6a* on this 

page shows the) structural section of floor girder, cand t he Fespective 
moduli and n are on the Sections” ~ 


Neutral axis 

+15 (4.16 + 3.85) 

Moment of inertia 

Pg ye 


_ 369.18 
3 3 


+15 X 3.85 (33.5 = 9.1) + 
+2. 7)? = 44,304 in. 
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I per foot of spacing = = Ht 14,768 in.4 
Moment of resistance for steel = M.,,, 


= 40.37 in.8 With B.M. of 30 ton-ft., 
‘max. stress = 9 tons per square inch. ; 
Moment of resistance for concrete = Mig, = 1,623 in.® 

Basis for Strength Calculation—As a basis for calculation of strength 
the figures in Tables I and II were adopted as working limits for safe 
stresses on concrete and steel. 

The vessels are in course of construction at Barrow-in-Furness, and the 
sand and aggregate found locally have proved most satisfactory for a 
concrete mixture suitable for shipbuilding. The concrete adopted’ is 
formed of a rich mixture of 1 part cement, 1.2 parts sand, and12.4 parts 
granite aggregate (by volume). The amount used weighs 84 ‘pounds ‘per 
cubic foot. The sand used is of a coarse nature, having the following 


. Sieve rest: 
Mesh of sieve, OM sieve. 
100 X 100 per ee 100 per cent. 
50 X 50 per inch... 61 per cent. 
20 X 20 per inch........... 14 per cent. 


The aggregate used consists of granite’ chippings from ¥% inch down- 
wards, weighing 92.5 pounds per cubic. foot. The proportionate amounts: 
of cement, sand and aggregate to form be: cubic. feet. or 1. cubic yard of 
concrete are: 

9 cement, 10. 14 cubic feet sand, 21 at cubie feet 

cubic yar 
== 757 pounds cement: + 1,192 pounds sand + 1.986 ‘pounds | ott 
= 3,935 pounds. 
= 0.34 tons cement + 0.53 ton sand + 0.89 ton aggregate’ 1.76 tons.” 
Add to this 0.05 ton water = 1.81 tons per cubic yard of concrete. — 

For estimating purposes 1 ton of concrete contains.0.57. cubic yard = = 15.4 
cubic feet; or 0.192 ton cement, 0.300 ton sand, and 0.508 ton granite. 

Machine mixing of concrete is preferable to hand mixing inasmuch as a 
standard and invariable mixture may be obtained, due to the use of 
automatic devices for the measurement,of the various ingredients as well 
as of measurement of the time of aa 

Particulars and Description of Hull—There are shown on Figs, 2, 7 and 
8, midship sections respectively for the ferro-concrete, a steel and a wooden 
ship, each designed fora deadweight carrying capacity of 1,150, tons, the. 
particulars of the three ships are given: in Table 

It will be noticed that the weight of steel in the -ferro-conerete' ship is: 
about 42% per cent of that in the steel ship. This is not by any means. 
such a large reduction as'some writers on ferro-concrete ship construction: 
have anticipated, nor is it probably the minimum quantity which we could 
have adopted, had webeen prepared to a certain amount of tisk. in 
structural strength. In view, however, -of this tes yoke our r first venture in a 
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TABLE L—Basis FOR | OF STRENGTH FOR, ConcRrETE. 


Item. Working stress. stress. 

Compression in beams... Per 
Compression direct...... 700 4,000 
Shear Jo 280 

Taste II —Basis FOR oF STRENGTH For STEEL. 

Tension, ral 9 23¢. to 36 

Tension, 15 4 27. to 30 


Til —Druensions OF Concrete, STEEL AND Woop oF 
be 4 Tons DEADWEIGHT CaRryING Caracnry: 


Includes anchors, cables, boats, auxiliary machinery, etc. 


Reinforced. 
Steel. Wood. 
Length. 205 0 1 
Depth...... 19 17 18. . 
Deadweight 1,150. 1,150 1,150. 
Displacement (load) 2,350 1,800 2,400, 
(about).. 400 400 400 
* Includes 12-inch wood seal. 70H 
Weights. 
concrete | Steel. Wood. 
Load displacement... 1,800. 2,400 
Includes hull castings and 
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new method of construction, we did not feel justified in’ reducing the 
strength’ until we had ascertained: from experience how a ship constructed 
on this principle would act under ordinary conditions of. setvie One 
reason was that, should the vessel prove weak, it would be a matter of 
the utmost. difficulty to introduce ese ye stiffening and strength. <A 
second and even more potent reason was that we were fot justified “in 
risking the safety of the ship or the lives of the men who might ‘navigate 
her’ for the purpose of endeavoring in the first. ship to reduce to the 
minimum the quantity of steel that might be used. Actual service will 
perhaps give an indication where weight may’ be ‘saved, ‘either in the steel 
or concrete of the hull; and that such saving will ultimately be effected, 
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4 even with identical methods of construction, we’ confidently antici fe. a 
re must not be overlooked that the saving of steel effected, especial 
present conditions, is of the greatest importance. If we take, say, bag 
vessels similar to the ote under discussion, we should have an additional 
Q cartying capacity of 230,000 tons added to our mercantile fleet, whilst 
4 there would be a total saving of 51,000 tons of steel as compared with a 
ft similar number of steel ships of equal carrying capacity. Moreover, this 
“4 stéel is worked in the form of reinforcement rods and is not dependent 
e upon the plate-rolling mills for its production. This is the more important 
a as‘‘at the present moment it is largely the limited output of the rolling 
i mills which adds to the difficulty of procuring an adequate amount of ship- 
building steel, 
& ‘We came to the: conclusion that the most economical as well as the most 
2 efficient rod for ship construction was that known as the spiral bond bar. 
2 This is'an ordinary mild-steel bar which,’ stbsequetit:to being rolled, is 
| __- stressed by being twisted in such a manner that the elastic limit is raised 
% about 35 per cent, the twist in the bar giving it at the same time a con- 
} tinuous mechanical bond with the concrete in which it'is embedded. With 
this high elastic limit smaller sections may be’ employed: than would be 
_ possible with an ordinary mild-steel bar, ‘which means a reduction in weight 
of steel used. As the continuous mechanical bond justified shorter over- 
lapping of bars at junctions, the weight of steel is again reduced. A fur- 
ther advantage of the special twisting treatment lies in the fact that steel 
of very low tensile strength may be thus treated, and so release for other 
work: the higher quality steel: 
ble EV: gives results of ‘actual tests ‘of bond bar (1% inch 
ore and after twisting. 


Con 'Hlongation | Ultimate ast 


ce _ See stress strain diagram, Fig. 9. 


“Although the structure of these vessels, both in relation to the shell ada 
frames, is purely reinforced concrete throughout, the possibility of working 
the shell of ferro-concrete vessels in conjunction with ordinary frame bars 
of built-tip’ frames has not been lost sight of, although the problems. at- 
tendant on such’ a departure from a purely monolithic structure present 
difficulties. | It is conceivable that a vessel might be satisfactorily con- 
structed in which the ordinary steel frame is used in conjunction with the 
present system of ‘reinforced coricrete hull, and in the United States they 
appear to ‘have adopted some such method, With our present ig At cg 
there would appear to ‘be in this confection an element of danger unless a 
system is used, blending together the' parts in such a way as to leave no 
possible: chance ‘of disruption: “The expetierice gained by American 
builders in this respect may help’to solve this difficulty, as the principle, if 
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NOTES. 


s of large tonnage. Such. system, | tao, 
would overcome some. of the ies in connection. with the fitting, of 
various details, which, at present, f ds necessary to arrange for before the 
concrete portion is. commenced. . A. further advantage, and, probably. the 
baipsital one, is that without having to introduce a much greater. roe 
tion. of skilled labor, the system would result in a decreased, weer 


"Hull Fittings and. Their Connection.-Many problems have. arisen 
garding fittings and their connection and relation to, the. ship,. which ,in 
ordinary steel construction are simple, but which, in the case of, ferro- 
concrete construction, offer difficulties which shave had to be. carefully 
examined and overcome. Amongst these are the openings in. the. ship's 
bottom, stuffing-boxes, the passage of pipes through bulkheads, the, eon- 
nection of fittings to the bulkh and the connection of stanchions, fair- 
leads, bollards, etc., to. the deck. Added to these are important. problems, 
such as the connection to the hull of the rudder post, stern post, and.the 
stern tube. In, order to illustrate some of the. difficulties experienced jand . 
some of the means adopted, to overcome these. difficulties, Ihave appended 
to this paper some sketches. ing how 
been dealt with, such as, for instance: 

Fig..11--Arrangement of 
_,Fig. 12, on, folder,.with: Fig,,15. vpical spigot for sea connections 
Fig. iling plan. 
Fig. 16—Stern frame. 
There is no doubt that, with experience, seaciuea: methods of adapting 
fittings and. parts of the structure to their proper functions: in ecosioniical 
and efficient manner will be evolved, but for the moment. we think that 
the methods adopted, as illusrated in the drawings reproduced, are stich 
as to give reasonable: justification for anticipating efficient’ performance. 


° In the case of a steel ship, if hefore the erection of the bulkhead provision 
has not been made and holes’ punched to take any particular fitting, a8, for’ 


instance, a bracket, it is an easy matter to drill such holes afterwards to 
accommodate it. For a concrete vessel, however, the cutting of holes 
after the concrete has set is not easy and is undesirable. It i is, oa 


a highly important that all the details of: fittings required to be connétted 


‘the hull, or passing through a bulkhead, for instance, should be considered 
before the erection and casting of that bulkhead, and the necessary infor- 


_).-Mation must be ready at an early stage of the construction in, orderithat the. i 
. ‘builders may make suitable provision for the same when erecting the shut«»: 4 


tering. Where it is necessary to leave a hole in the concrete, a wooden 
peg may be fastened to the shuttering’ in’ the required position; but in the 
case, of pipes passing through a deck or a bulkhead, a better arrangement 
is to cast a metal spigot in the concrete with suitable flanges or screwed. 
ends projecting on each side for connection to the pipes. Such fitti ngs. as 
mooring pipes or hawse pipes, as well as the majority of. small 
fittings, have to be specially designed, with, proper prolecsicns f for casting 
the as otherwise holes must be prepared to take the’ 
n, bo! 

Lines pia! Tank Trials —It i is obvious, i in view of. the: fact that ‘the ‘whole 
of the vessel’s hull has to. be cast in molds. or shutters, that the simpler and 
straighter the lines of the vessel the more cheaply and. easily the: shuttering 


- can be constructed, and the more rapidly the work can be proceeded. with. 


‘or this reason, when designing the lines,:a simple midship. section -was 
adopted having a perfectly straight side and bottom with only a very 
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body for half the tength Of “and the waterline for 
ward rounded into an-easy entrance, ‘still retaining;“however, the straight- 
line sections. In founding in the ‘aft the sections _ 

were retained as: far ‘as posse then fun aft to the propeller and 
‘faired in with a minimum o 


In determining the form two points had to be -(@). 
the fullness of form’ which is, economical in 6 


rdinary cargo boats when 
‘with: moderately low speed¢ would. be--desitable when - 
\\ the material of constriction was such that'the weight of hull accounted _ 


(3) "That th the-introduction of sion! er lines in_the 
tions, whilst ‘desigable® ‘for rposes, might lead to a large 


increase in resistance an jordinary ‘cargo-boat form, 
there were any tendency for the |stréam lines to flow across the 


knuckle 
(i. ¢., the intersection of the two surfaces forming the sides and’bottom). _ 
To obtain a teasonably goodform under: the: above conditions, ‘trials 
were carriedoyt in the experimental tank as follows: The model was 
thane was actually, required and cast thick enough locally 
at certain parts. Adter the curve of resistance had been 
“obtained witht the original model (CS), Fig. 14, the bottom part of the 
was fined (C: Ss) with an improved result: the after body was 
similarly fined (C Ss) with further of the 
bow (C__S+) ‘and'then again of the stern (C Ss) still improved the form, 
_ which-was now .teasonably comparable with ordinary 
the same dimensions and displacement. The. total modificat: 
iwere slight, amounting t0 94 tons, aad Telucng the Block 


The load ‘waterline and curve of areas have ‘generally been regarded as p 
the determining feature of the resistance of an 7 form, but we 
i found that ‘thesinfluence’ of the knuckle was:.so-marked that, with the 
waterline unaltered and practically the same curve of areas, a reduction 
“was made in resistance 40 per cent. i! 
The lines plan, Fig. 3, folder shows in dotted lines the model as 
“ally tried corresponding ‘to. the CS form on the tank results diagram. 
Fig. 14, and ‘the full lines on the lines plan show the lines to which the ~~ 
ship is actually being built and correspond to the last trial.in the tank and = — 

to the CS. form on the tank results diagram. It was not considered neces- ‘ 


sary to show the intermediate modifications onthe tines: plan.:‘The lines 
adopted may, therefore, very #tasonably be considered, as. the: 


most suitable for shutterifig) and fot easy construction in 
ferro-concrete, "The a camber of.8.-inches-in the full breadth; . 
“but here again curvature has been avoided, the crown being a level flat 
-4-feet each’ side of the center line, the femaining deck 
"straight line to the side, as shown on the fines plan, ‘es 3, and 
at center is a, line all fore and aft. 


+) Inthe present six boats building to this design the adoption of machinery 
. thas been largely governed by what it has been possible to obtain under 
(“existing circumstances. In three of the we are fitting 


‘ 
| 
_ *ghinety, the considerations which have to be taken into account as to suit-. 
«| ‘ability of type are practically the same in ferro-concrete as in steel ships; te 
but the method of efficiently connecting the*machinery to the hull of the =~ 


OSA 


} 4 ? of 

led 
ut we 
h the Wee note 
rigin-. - | HLP., with cylinders 17-inch and 34-inch diameter, 24-inch stroke working 
gram, at about 100 r.p.m. The boiler installation consists of two cylindrical 
h the boilers 9 feet 6 inches in diameter by 9 feet long, working at a pressure 
k and of ‘about 130 pounds. In the remaining three we intend fitting triple- . 
neces- expansion engines of about 500 I.H.P., which will somewhat reduce our 
eee tte deadweight capacity, but give an an appreciable increase of speed. Two 
is the. boilers were decided upon, so that in the case of a breakdown of one 
on in there would be sufficient boiler power in the ship to drive the vessel at a 
tadth; .. .- reasonable speed. When in port one of the boilers will be of sufficie 
el flat er to work all necessary auxiliary machinery, including that for I 
ina” re discharging. Incidentally, there are other advantages in having two 
sideck = small boilers, such as the possibility of their transport by rail instead of 

eis. by sea from the place of manufacture to wherever the machinery is being 
yma installed. There is, too, the advantage of being able to Fooly: the ag 1 
auit-. 8 through the hatchways, as leaving any part of the deck unfinished. for 
ships; this purpose, is very undesirable in ferro-concrete ships, The 
of the is fitted aft, a usual position in. this type af cargo vessel; but .another 
io the cn reason for this: was to: reduce the | of tunnel, as if this were of 
brmer ferro-concrete instead of steel it would form an important item of weight. 
spect. - | Launching. _—Coming next to. the question of launching, this is. an opera- 
hinery tion which, in the case of ferro-concrete. ships, requires more than ordi- 
under 9 | nary consideration and care. This operation, always fraught with anxiety, 

is doubly so when of ferro-concrete constraction. 


Take, for instance, the | fo for ‘the! vessel under discus- 
sion. A launching w of 1,100 ‘tons has to be-dealt with as compared 
with about 550 tons in the case of’a steel ship-of ‘corresponding size. To 
keep down the stresses, a moderate declivity of ways’ with ample depth of 
water on the way ends has been, arranged; but, even so, quite a consid- 
erable hogging stress and excessive: way-end pressures are met. with just 
before the ‘stern commences to-lift:’ Some» internal shoring has to be 
arranged at suitable parts of the vessel as‘ additional’ precautions before 
launching. The ‘shearing forces. at the fore poppet are severe and must be 
met by an adequate strength of hull. The foundation supports, especially 
as the vessel is being. built on new ground, have been carefully considered, 
as sinkage during ‘a stage of would Haveé‘serious results 
and must be guarded against.. The precaution of allowing the concrete 
sufficient time to set-properly before the: vessel is launched ‘is necessary in 
view of the fact that the compressive strength of the concrete continues 
to increase for poe time ‘after beg worked, and it.is necessary to 
utilize as much of this increased. strength as possible to resist the launching 
stresses. Fig. 10, Page | 432; * shows: this increase of compressive strength on 
a base of months.’ Th e supporting blocks‘ and holding-up arrangements 
(dog shores) also greater, strength than is necessary: in the case of 
the lighter steel vessels. A sketch showing the arrangement’ made is given 
in Fig. 15, and shows very fully the practical arrangements as well as the 
curves of stresses under all conditions likely to ‘he-met with. Generally 
speaking, the severe launching conditions may. be takenas ‘an adequate test 
of the vessel’s ability to withstand any stresses she may be called upon to 


meet under ordinary conditions of service. 
Length of standing ways......... 313 ft. +6 ft 
Camber of, 313. feet......... 22 ft. 
eight on standing ways. tons: 


G. aft of baie 


caring 


Bending moment on stern. nt 10,600 ton ft 
tress. on. concrete .. 800 IDS. Der in. 
sile stress on reinforcement... . 5 tons per sq, in. 


“To obviate the: ‘undesirable of ‘pile-driving if the where 
the vessel is being built, ‘the standing ‘ways beyond! the seawall are ‘sup- 
ed on specially designed pontoons ‘resting on the ‘bed ‘of the channel. 
ese pontoons are specially constructed ‘of concrete’ atid ‘may ‘be towed 
from ‘one berth to another, and ‘when ‘in’ the necessary’ positions are’ ‘sunk 
by sluice’ valves arranged i in the’ sides: for that’ pur- 
pose see Fig, 15 = 
Some’ ‘statement should* perhaps ‘be’ ‘made* here’ ‘as’ to ‘the time ‘con- 
struction of vesséls of this type’ a3’ éompared with’ ‘steel’ ships, ‘and ‘our 
experience so far leads us to beliéve' that in the case’ ‘of’ the’ first’ vessel of 
any type, the time of construction closely ‘to that: of a 
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steel ship, but that 'in’ building, sticcessive’ ships’ Of ‘the form 
theré’ will be a marked: reduction’ owing to the jss of ‘using 
edly a large proportion of the shuttering’ or. molds, ‘By, this means I believe 
that, with all, the material to hand, a vessel. similar to that, described in 
this paper could be completed in three and a half to four months, 
regret that neither, time nor space, will; allow, me, to indicate, other, types 
under construction in the yard, all characteristic: 
When completed their performances will no doubt add a helpful contribu- 
tion to the study of ferro-concrete construction as applied to shipbuilding. 
Neither can I touch.on the question of the application of discard steel for 
constructional purposes, as largely advocated by some builders, nor on the 
future possibilities of ferro-concrete as applied to shipbuilding when the 
time arrives when we shall not be driven to its adoption by stress of war 
conditions, 

I admit some limitations in the paper, due to absence of ‘precise knowl- 
edge and experience of the sea tests of the ships, but I hope to have the 
honor on another occasion of completing this contribution by giving the 
service results of the vessels described, when opportunity will probably 
occur to deal with other points omitted from the present paper. In con- 
clusion, I should like to express a word of thanks to those associated with 
me in this work: the members of the staff of the Ferro-Concrete Ship 
Construction Company, of Barrow-in-Furness, who have worked so ener- 
getically and untiringly in the design and construction of the vessels; and 
to the directors and staff of Messrs. L.'G. Mouchel and Partners, who 
have brought great ability and experience to bear on the solution of some 
of the difficult problems involved; also to the directors of the Yorkshire 
Hennebique Company, who have by their experience shown us how, in 
many ways, the time of construction can be shortened.—“ Engineering.” 


LUBRICATION OF AIR-COMPRESSOR CYLINDERS. 


Recent disastrous explosions in air-compressor systems present striking 
examples of the danger existing from the use of ordinary engine oil in 
the air cylinders of air compressors, Only a pure mineral oil, with a 
flash point as high. as good lubricating qualities will permit, should be 
used. As little as possible of even the best oil should be used. 

Numerous cylinder oils are compounded, and such oils are likely to 
produce a carbon that will stick the valves and collect on valve faces and 
ether parts of the cylinder and valve chambers, resulting in a 
condition. 

Air receivers are liable to explosion from accumulated oil deposits. 

Every receiver should be equipped with a pressure gage, a safety valve 
and proper drains, and all reservoirs and likely places: of deposit in the 
air line should be thoroughly and frequently drained and cleaned. It is 
bad practice to have the inlet of an air compressor take from a hot or 
— room—thé air should be cool and as clean as possible. 

The practice of throwing kerosene oil into the inlet of an air compressor 
to clean it is an extremely dangerous one, and the cause of an explosion 
under such circumstances is not difficult to understand. Lubrication of 
the air cylinder with soapsuds (preferably made of soft soap, about one 
part soap to fifteen parts water) for a few hours each week (or less 
frequently if the load is light), instead of oil, will help very material 
in keeping the cylinder clean. The only danger from the use of soapsu 
is rust, and this should be overcome by being careful to discard the soap 
and feed the cylinder with oil an hour or so before shutting down. The 
receiver blow-off should then be opened and the accumulation of oil and 


. water drained off. 
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alone, as many are, but uld be fitted with an auxili a 
Will ‘act. soon. as the speed rises above a certa 
his will prevent the engine from facing” in t | 
tanks or piping causes a sudden lowering of the pressure. It is not = | 
: sary for an explosion td take place to produce a lowering of the socal | 
asthe giving’ of'a valve ‘or tank from ‘any cause ‘will have the | 
same effect. —“ Th Na ‘Safety y Council” EE 
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PUBLICATIONS AND STOPPING, Warn aN 
Mopgrn Rooms, ENGINEERS. OF THE! HARRISON 
SAFETY, WORKS, PHILADELPHIA, -PA.; cloth; 
by 7,inches; pages, 274; 213 illustrations; $1.00; ood oT 
> isthe. purpose of. this practical handbook. 
It, is addressed. to. power-plant. owners, managers, engineers, 
and firemen. It contains tables and. charts, the results,of;ex+ 
periments and tests, references-being made wherever possible 
to the original authorities... The, latter include mapy well- 


known, engineers and technical au rte The United States 

of. bulletins on the utiliza utili tion of fuel 

divided in to five’ sectiotis, the ‘which 


deals with “Here ‘ate considered kinds and classifi- 
eatin of coals, coal’ ‘sampling, proximate : and ultimate analyses, 
eating value, ash’ and clinker, purchasé ‘under 
storage, "weathering, and thedsurethent of dal,’ oil 
fuel, and gaseous fuels.” olqoag 
The ‘second "Section, treats of ‘the 
chemistry of. combustion, air theoretically required, grates and 
Bate Siirfacé,' hand firing, stokers, furtiace’ tem- 
perature, draft, flue’ stack proportions, 'ftie- 
gas dndlysis, CO, recorders, what CO} ahd CO itidicdte, éxcess 
air, smoke arid smoke oil ‘gaseous 
third “‘Sectioti; “entitled Heat Absorption,” ‘treats’ bet 
heat transmission ‘by’ ‘conduction,’ ‘eorivéction, and ‘radiation, 
heat transfer; ait heaters’ atid’ ‘superheaters;’ iimprovitig heat 
absorption, relation between heating surface and boiler capac - 
ity; boiler’ 'tefractoties) soot,’ stale,’ softetting’ and ‘heat- 
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The fourth section, entitled “Boiler Efficiency and Boiler 
Testing,” covers heat balance, heat absorbed by boiler, heat 
losses due to moisture stack sates, co, 
combustible in-ash, trials. 

The fifth section, “ Boiler Plant Proportioning and 
thenit)”’ discussés' Varidus’. arfatigethents of /auxiliatied “with 
regatd t6'their effect: wpon'feed heating, “und also'describes the 
Polako¥ fictional ‘systeiti boiler rooiti managettientt 

The book was ‘compiled ‘by (Member 
Ametican! Society Mechanical Engineers; S. 
Lyon!) (it fine compilation of| very usefubdata on com! | 
adi bas eoldgi enisinos bas 


-lisw yasm obulori silt 


mouflage” to the field. e. 
the. of all t the { 


American people with their ilitary Se rvices. 


bits. lent 
is. propaganda be ight, it life long and success fal 
MANAGEMEN? ABPLIED, T0:, INSTRUCTION... AN 
TRAINING IN, FIELD; ARTILLERY: MAJOR, WILLIAM. 
Duny, Fein; No A. 
PANY; 96; pp, cents, net. some bas dome 

This handbook, written in 1916, applies.the., jles.,of | 

industrial efficiency, to. the biggest, business of. the, day... War 
is a; business, Field artillery, has, played, and. 
play, an important part in bringing the business to.a successful 
conclusion... | bas aniteed svewied noisier noitqioeds 


-1:Major. Dunn's; work is, compact, easy, to, understand, written 
in attractive style, and should prove extremely ful; togunr 


ners—officers and men—who are training for efficient service. 
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author, does not; claim, originality,.in| ideas, -He,.cer- 
tainly has compiled, the ideas of, others, | in,:an. original .way, 
into a: manual of interest and, great, senvice,' 

The paper and. binding are serviceable; the.type, cents 


The make up of the wosk reflects credit upon the publisher: 


histo ats ofl} oisoibat, bas, 


XXXVI prints 

Reproductions of a series, of lithographs 
made, by, him withthe permission and,authority,of the United 
States Government, with;.notessand an, introduction! by.|ithe 
io The substitle; does not fully, indicate the, scope of; the work: 
Of; :the., thirty-six of which, are: well, 
goodly number ,are,of, ships andiship yards., Mr; 


Pennell has caught-the spirit of the work and interpreted it 
as an artist, but as an artist who was, as well, an,enginéer: 


Some of the Italian masters were,.and the war has are 
a French school of artist-warriors whose ‘wor is well 


white! “May it' not Be that this ‘American met 


The ‘collection of prints is unusual.’ “TA press is 


Hike thie ex the thatists. 


oF INStRUCTION For Fitrpi ARTILLERY. 
By Major Dunn, A. 
J. B. Lippincort: COMPANY, 3°75 centsinets 
Major Dunn’s last work his!com- 


pact, lucidistyle. | Commandets:and non-commissioned ‘officers 


in the battery service will find it extremély:valuablein training 


‘recruits. It presents skeleton outlinesijof ‘intensive ddirses, 


based on Army.-Reguldtions, for’ the 
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BOOK 


of artillery. practice in the field. ‘Provision’ is’thade 
for lectures’ by the battery’ commander ‘to’ reeritits, with ‘the 
intention. of starting’ the’ mie in’ ‘the’ ‘proper way’ 
then ‘Soldiers ‘at Heart?’ bas on 
The’ binding, paper ‘and: with hid! 
work and indicate the publisher’s-usual care for details, 
Service should await Major Dunn’s. works 


Book.) °By’ Ina! Diéxinsow. Company, 
Philadelphia;'728 pages, 75’ cents 

This small, handy phrase book is uniform with and trafis® 
lated/and! adapted from Eiigtish+Pfench 
Conversation Book. It contains hundreds of ‘asefil sentences 
arid words, endbling’ the ‘Amieriéan’ soldier ‘ab thie 
converse ' with te Ttaliatt ‘Allies. It is ‘specially to 


196 pages; 18 illustrations ; Liprincorn ‘Co. 

nis book. written’ from: the. ae experience. in, the 

grim game of offensive fighting, is, intended to, put, this expe- 

‘rience in the ‘hands of the men and officers. Bil and including 


majors who must perform similar service. sph. head- 
ings show the scope of the book. 


III... Patrolsiand the of No Man's Land: 1.8 

Vi Cobperation. Betireen’ Infantry ‘and Artillery) 
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MECHANICAL ENGINEERS’ HANDBOOK, by Lionet S. 
Marks, B. Sc., M. M. E.;! Editor-in-Chief, and Staff of 50 
Specialists. Published’ by McGraw-Hii1 Boox Co., New 
York, N./¥,, Limp leather, 1886 6-90.10. 

‘This Handbook presents a marked departure from, the old 
type handbook which, generally speaking, i is a  compifation by 
‘one author of “existing. data, in that it is the codperative effort 
of nearly fifty specialists in ‘the various branches of “Me- 
chanical. Engineering, “The section of “ Properties. ‘ot Engi- 
neering “Wiaterials” is alone the work of thirteen. 

Il this material has been ably edited and arrange by, the 

ditor-in-Chief to form the premier: ‘of its field. 

The list, of contributors includes, the most. ‘eminent, men. 
their respestive fields, of. Engineering. - This, book, Should be 


ja tot SUBMARINES sts 


A ‘List oF EFE THE ‘New ‘Yous Linkagy. 
Very’ interesting compilation of bdoks, ‘magazines 
and Technical Papers relating to Susmanrnes. “Tt is compiled 
by’ Mary’ Ethel Jackson. ‘In'a foreword by’ 'Sitnon’ Lake. it i is 
stated, “ Much of the felating to submatines ‘is 
oft ‘hearsay, and imagination, but imagination may 
lead to scientific development, so that both ‘the’ student of ‘the 
romaitice of the’ mysteries of the deep’ and the investigator of 
its use asa weapon Of war, or its ‘possibilities in the pong 
field; ‘will’ ‘the ‘labor’ which has ‘peen put the 
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JOHN'B. FORD, REAR 4 ADMIRAL, navi. 


bla ott ent 
. John D. Ford was ‘born, in aryland i in 1840, and. received 


ea education in. Publi ic ‘schools in Baltimor 


th ¢ ‘Maryland. instit tute esign, and, was d 
uate , talking t Peabody rize. took a 


foot ool of Engin neeri ing, ‘from why was 

was at orice assigned to dity di board the Ri 
ih the ‘West Gute Bibekading Squadron.” He was 


mond'at the Battles of Baton Rouge ‘and ‘Port Hudson. 
commanded a battery of four IX+inth guns’ ¢gans' taken 


from the Richmond) with a crew of mechanics. from the ships, | 


in the west wing of the Army, in the siege of Port Hudson. 
He made the port shutters,/ofplate‘iron, for the protection of 
men against, the sharpshooters, of the, and he spade 

the ;plate;iron armor for, the f the 


the fall of he resumed duty. on 

the Richmond, in, th of, Mobile. Pro- 

ordered to, the prize steamer to take her: home, bat 

returned: -at, once the AE. in the, Richmo me 

at the bat of Mobile Bay, and took part in, the destruction : 

the gunboats Gaines, Morgan and McKae, ip, the; 


and eons and also in. reduction ; of Forts 
Morgan and Powel. He was assigned as 


Engineer of the prize Tennessee, but later to the Selma, which 
vessel. was employed in removing the obstructions. in front of 
the city. .He was assigned to the Arizona, which vessel was 
destroyed in the Mississippi River, but the crew was saved by 
swimming. He was then assigned as Chief Engineer of the 
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Estrella, and: laterto the: Sebago,:in which ‘lattet)he:setved 


yntilthesend of! theiciviliwars! bas 


vom experimental | duty:.on board:the! Pensacola, at 
Baltimore;:in: 1865-6; and:was inthe Sacramento when she was 


wecked on the codstiof India home in:a 


British bark in November, 1807, and: was assigned to. duty:in 
the: Norfolk: Navy) boog oH. 
He was promoted to First 1868:\and 
the Swatara: “He served. on ithe 
Miantonomoh; in 1871,:the- Hartford: in. 1872, ion|the China 
Station: He afterwards:setvell in the: Tennessée onthe same 


Station;-aid, in 4884; in the Bureat of'Steam Engineering. 


He was then detailed to organize and take: charge'dfa clas¢ 


Mechanical Engineering at: the Mamual: Ttaining School in 


Baltimore,| where he remained-six years. (as long:as'the Depart- 
ment could spateian offiedr)..’| His work there was eihinently 
successful, and college the course ion the ‘lines 
He then served on board the Alert, in the Behring ‘Sea sur+ 
veys, and was promoted tothe rank of Chief Engineer iri 1890, 
andiordered to the Examining Board. 
~ He inaugurated the class in-Mechanical Engineering in the 
Maryland Agricultural lege in 1894, and 
served as professor fof't ended the con- 
struction of the! rnachinery” the ‘cruiser Brooklyn ‘(Sthley’s 
flag‘ship)}/ahd served.on board/that ship'asChief ‘Engineer! 
He joined) the: Asiatic’Fleet in 1898, arid served as’ Fleet ‘Engi? 
neer: or Dewey's! flag ship, the Olympia) 
of-the Spanish fleet at Manila: Bay's bree 
sbransferred into! the Jine/of the ‘as’ 
manders, in: 1899, and: ordered home ‘from Manila:) Promoted 
to Captain insFebmuary,; 1902. [His lastiduty was an Inspector 


of Ordnance at \Spartows: Point, where he was'serving when 


retired... He-was retitted teaching theiage of 162 years;'but) 
by, an,Act-of Congress; he-was promoted to:the grade-of Rear 
Admiral Upon, Retiring: se val: 
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Of 

as 

he 


boRearoAdmiral Ford was, resourceful and,»beirigia practical 
mechanic and draughtsman, he hadvlittle:teduble invexécuting 
his designs: ‘\ fortunate faculty: for; stating proposi- 
tion «ahd: for making’ tsis. idéas: cleari:: die-was! ai matural:et+ 
ganizer, which is esséntial tol inducing a following. He hada 
nice way of>setting: his subordinates right>without irritation ot 
offense. He was a jolly good shipmate;:ahd:contributed much 
o'The American ‘Societyof. Naval: Engineers; ithe! Military 
Ordé? the Loyal !Legion, the Associated Veterans of Farra- 
gut's Fleet, the Sociéty:of:i Mechani¢al: Engineers, andthe 
Protestant ‘Episcopal Church: nurtibered ‘him among! their mern- 
bers, and he:was a RoyaliArch Mason. 
Hewas buried in! Greetimoimt:Cemetery,'in Baltimoré; on 
the: eleverith A pril,1918, services» bemg’ ‘held Sdint 
Michael's and AiliAngels’ E.. Chuifth,:and ‘his body com 
mitted: to: the: :grourid “with: the!! Magoriic’ setvices of! Union 
Lodge, No. 60, of which he had been aimernbet’for' more thar 
ote foitr sons: and onedaughter,» 
ab vash odt ol 
2 Addison Baxter Smith, “one of: the:oldest members:of 
the, of: Navali Engineers, i.died ( 


Orleans, in| Match;-1918; :whileton: a visit to:his. daughter; 


dle, was, Baltimore in 1843, where: he was(édueated; 
and was graduated from the Mariylarid Institite!:ide“entéred 
the Navy duritig the Civil: War ini Aiptit; 2668) the exantiha- 
tion being competitive. He graduated numbet'S 
13;,and was: warranted ‘a:‘Third Assistant 03 


was/ordered at!once!to the steam 


blockading off ithe:coast of South Catolitiay which! VesseP Was 

torpedoed! and destroyed in February, 18642" He reseued 

a boat from ‘the ‘was assigned ddty"on 
es 
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board the ‘steam frigate» Wabash, andiafterwards the gunboab 
Paul: Jones; he ‘was transferred: tothe Monongo;: pro- 
moted to: Second: Assistant: Engineer, made ithe voyage to 
odin} 1867 he was!employéd ron!thé extended trial:trips ofthe 
Moshula\Pushmataha,'€ ontoocodk and: Mientonomoh. ‘There 
was,iat that stime, 'no appropriatioris available: to: defray: the: 
cost of experiments; but advantage was! takefi'ofi the trial trips 
to revord.all possible informatiomand data, the resiltsiof which 
enabled! the! Bureau ‘of’! Hagineering: to.determine and 
In 186%-8 Mr. ‘Smith served board the (am expéri- 
mental:ship and later onthe: Seminole, and: was on ‘that: vessel 
during her! voyage |in pursuit of the:famous pirate: Telegraph: 
He served én thé: Mayflower in the; famous Shufeldt'expedi= 
route vid Tehuantepec, and; later, at 
the: League Island Station, as it 
he served on! board:the monitor Saugus, during the 
“ Virginius excitement.” Passed 'Assist= 


ant/Engineér in-January; 1878, andi ordered ‘tothe Pensatola 


Navy Yard-as Chiefi Engineer;!where he remained during: the 
yellow féver epidemic. at thatiplacé. ‘Laterihevserved onboard 
the monitor Wyandotte, the steam sloop Hartford, the-Tiallaé 
poosa, and at the Norfolk Navy Yard. . 

He served on-board the Atlanta (the first of the new, steel, 
Navy). during her extended trial trips... In 1888 he was a 
member of the Advisory Board, in Washington, and in 1889 
became Inspecting Engineer at the Cramps Ship Yard at. Phila- 
delphia, where the Baltimore and Philadelphia were being built. 


‘He was promoted. to Chief Engineer, February, 1892, and 


ordered to the Montgomery, where he served two years, when 
he was.transferred. to the battleship Texas. He was Chief 
Engineer of'the Norfolk Navy Yard-in 1896-7-8, and in 1899. 
was transferred into the line-of the Navy as a Commander, 
when he was ordered to the Navy Yard, New York, where he 
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did:'the very ‘important! work of ‘rehabilitating the) steam 
engineering: plant, ‘changing from the: shaft-andipulley-driven 
tools: to the direct electric: drive, using alternating, current: of: 
high voltage with a motor to each machine:tool, in the:(‘then). 
latgést steani-enginéering plant:in ithe country. It is:not/too 
much to Say that in ‘this featihe was:a pioneer. The \plant: was, 


ationce; algreat Success. He:was promoted to Captainion the 


of June; 1902; and: in: 1904 made: General: Inspector. 
forall outside work under the Bureau of Steam: Engineering. 
| Hewas retired, at the age of 62;,0n the 21st.of’ Match, -1905, 
with the rank of Rear Admiral, havirtig ito; his ;credit:15 years 
and 11, months of sea service and 22. years of shore duty. 

‘Rear Admiral Smith was a large; powerful capable of 
gteat.endurance, and: always ‘ready: for duty. am 
agreeable and: popular: shipmate, always frank!and: dutspoken; 


but always considerate: of! the, rights and feelings:of others: 


He was very domestic|in his habits; a devoted husband land 
father,. whose: pleasure: was: to lighten burden of his-famiily 


He. is survived [by -awidow, ‘two Freyer, 


who married: Major Freyer! Mrs: 
Ramsay) and:-by) oneison, Paymaster: Smith ofothe 
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